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EXECUTIVE  SUW1ARY 
CHEMICAL  SEWER  -  NORTH  PLANTS 


The  North  Plants  chemical  sewer  is  located  within  the  North  Plants 
manufacturing  complex  in  Section  25  and  the  northern  half  of  Section  36  on  the 
Rocky  Mountain  Arsenal.  At  the  present  time,  the  North  Plants  chemical  sewer 
system  is  inactive.  The  sewer  system  collected  process  wastewater  from 
various  buildings  and  conveyed  it  to  a  sump.  Building  1727,  where  it  was 
neutralized  with  caustic  and  then  initially  pumped  to  Basin  A  and  later  to 
Basin  F  through  the  chemical  sewer  line.  Locations  along  the  chemical  sewer 
were  investigated  under  Task  10  during  the  fall  of  1986.  A  total  of  8  borings 
were  drilled  to  depths  ranging  from  5.5  to  6.7  feet,  yielding  6  samples  for 
chemical  analysis  and  2  samples  for  physical  analysis. 

The  following  target  analytes  were  detected  within  or  above  their  indicator 
levels  in  borings  directly  beneath  the  sewer  line:  diisopropylmethyl 
phosphonate,  cadmium,  zinc,  and  mercury.  Diisopropylmethyl  phosphonate  was 
detected  in  one  boring.  Cadmium  and  zinc  were  detected  together  in  one  sample 
but  at  concentrations  consistent  with  the  natural  levels  in  the  soils  being 
analyzed.  Mercury  was  detected  above  its  indicator  range  in  three  borings. 
Five  nontarget  compounds  were  tentatively  identified  in  three  borings.  These 
compounds  were  present  at  relatively  low  concentrations  in  soils  directly 
beneath  the  sewer  line. 

Follow-on  work  may  be  needed  as  determined  by  the  Feasibility  Study  to  more 
precisely  define  the  extent  of  contamination  associated  with  the  North  Plants 
chemical  sewer.  If  this  work  is  done,  i*:  will  be  completed  as  part  of  the 
conceptual  or  detailed  design  phase  of  remedial  action  for  the  sewer  and  will 
consist  of  4  borings  yielding  a  maximum  of  18  samples. 

Based  on  historic  data  and  information  obtained  to  date,  the  estimated  volume 
of  potentially  contaminated  soil  along  the  chemical  sewer  line  in  the  North 
Plants  area  is  140,000  cubic  yards. 


CONTAMINATION  ASSESSMENT  REPORT 
CHEMICAL  SEWER  -  NORTH  PLANTS 


1.0  PHYSICAL  SEniWC 

1.1  LOCATION  AND  DESCRIPTION 

The  North  Plants  chenlcal  sewer  is  located  within  the  North  Plants  complex  in 
Section  25  and  the  northern  half  of  Section  36  on  the  Rocky  Mountain  Arsenal 
(RMA).  At  present,  the  North  Plants  chemical  sewer  system  is  inactive.  In 
Section  25,  the  chemical  sewer  system  is  composed  of  a  cast  iron  pipe  (CIP) 
collection  network  that  transported  chemical  waste  from  the  Army  facilities 
to  an  80,000  gallon  sump.  Building  1727,  where  the  wastes  were  neutralized 
with  caustic  (Way,  1985).  From  Building  1727,  neutralized  waste  was  pumped 
south  to  Manhole  5-A  in  Section  36  through  pressurized  CIP  and  steel  lines. 

A  vitrified  clay  pipe  (VCP)  sewer  line  that  extended  from  Manhole  5-4  west  to 
Manhole  1-4  conveyed  waste  by  gravity  to  the  chemical  sewer  interceptor  line 
and  then  to  Basin  F.  The  chemical  sewer  interceptor  line  and  the  VCP  line 
west  of  Manhole  5-1  were  removed  by  the  Army  in  1982  (RMACCPMT,  1984/RIC 
84034R01).  The  North  Plants  chemical  sewer  now  terminates  at  Manhole  5-1  in 
Section  36.  A  general  map  that  shows  the  location  of  the  North  Plants 
chemical  sewer  system  is  presented  in  Figure  CS-NP-1.  A  detailed  layout  of 
the  North  Plants  chemical  sewer  is  shown  in  Plate  CS-NP-1. 

The  North  Plants  chemical  sewer  system  presently  includes  approximately  8,900 
feet  (ft)  of  1  inch  to  6  inch  CIP,  4,100  ft  of  12  inch  steel  pipe,  and  2,000 
ft  of  8  inch  VCP  (COE,  1957;  COE,  1984).  Four  manholes  constructed  of  brick 
and  mortar  are  located  on  the  VCP  portion  of  the  sewer  line.  Manhole 
materials  were  verified  during  field  operations.  A  schematic  of  a  typical 
isanhole,  including  the  rim,  corbel,  apron,  channel,  and  walls,  is  presented 
in  Figure  CS-NF-2.  Buildings  and  facilities  in  the  North  Plants  area  that 
are  connected  to  the  chemical  sewer  system  are  listed  in  Table  CS-NP-1. 
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Table  CS-NP-1 

North  Plants  Area  Buildings 
Connected  to  the  Chemical  Sewer 

Page  1  of  2 


Building _ Building  Description  and  Use _ _ 

1402  Tank  Farm  containing  24  above-ground  tanks  on  concrete  supports. 
Tanks  stored  methylphosphonic  dichloride  (dichloro),  which  was  used 
in  GB*  production. 

1403  Tank  Farm  containing  14  above-ground  tanks  on  concrete  supports. 
Tanks  stored  fuel  oil  for  incinerators  and  boilers.  In  addition. 
Buildings  1404,  1405,  1502,  1507,  and  1508  are  part  of  Tank  Farm 
1403. 

1404  One  18,00C  gallon  tank  used  to  store  carbon  tetrachloride  (used  as 
a  wash  solution  for  equipment). 

1405  Two  18,000  gallon  tanks  used  to  store  or  neutralize  (with  caustic) 
hydrochloric  acid. 

1501  6B  manufacturing  and  demilitarization. 

1502  Six  18,000  gallon  tanks  used  to  store  isopropyl  alcohol. 

1503  Caustic  air  stack  scrubber  building  with  sump. 

1506  Ten  10,000  gallon  underground  bulk  GB  agent  storage  tanks. 

1507  One  18,000  gallon  tank  used  to  store  methyl  alcohol. 

1508  One  10,000  gallon  tank  used  to  store  tributylamine  (stabilizer). 

1509  Isopropanol  dehydration  unit. 

1601  GB  munition  filling  plant,  bomb  shell  degreasing,  and 

demilitarization;  demilitarization  of  phosgene-filled  munitions. 
Houses  instrument  laboratory. 

1601A  GB  ton  container  unloading  facility. 

1603  Underground  plant  air  stack  scrubber. 

1606  GB  munition  building  and  demilitarization;  microgravel  mines 

production. 


GB  -  an  organophosphorous  nerve  agent 
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Table  CS-NP-1  (Continued) 


Page  2  of  2 


Building - Building  Description  and  Uee _ 

1703  Warehouse  and  siaintenance  building.  Used  for  demilitarization 
and  salt  drying;  dried  brine  from  80,000  gallon  waste  sump. 
Building  1727. 

1704  Compressed  air  plant. 

1727  80,000  gallon  industrial  waste  stoop  that  received  all  chemical 

waste  from  North  Plants  operations. 
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1.2  GEOLOGY 

The  uppermost  stratigraphic  imits  beneath  the  North  Plants  chemical  sewer 
system  are  Quateraary  alluvium  and  the  Denver  Formation  (Hay,  1982/RIC 
82295R01).  Task  42  Phase  I  borings  and  existing  monitoring  wells  in  Section 
25  show  that  the  alluvial  thickness  ranges  from  3  ft  in  Wells  25034  and  25036 
to  48.5  ft  in  Well  25023  (not  shown  on  plates)  located  approximately  1,700  ft 
west  of  Well  25021.  A  bedrock  high  covered  by  less  than  3  ft  of  alluvium 
forms  a  hillside  on  the  western  side  of  the  North  Plants  area.  Locally  the 
bedrock  is  exposed  in  ditches.  Coarser  sands  are  generally  present  at  the 
base  of  the  alluvitm  in  the  North  Plants  area,  grading  upward  into  silty 
sands,  then  to  silty  sand  with  clay,  and  finally  to  clayey  sand  with  silt.  In 
Section  36,  the  alluvium  in  the  vicinity  of  the  chemical  sewer  has  a  thickness 
ranging  from  17.5  ft  (Well  36122,  not  shown  on  plates,  located  approximately 
1,100  ft  south-southeast  of  Well  25038)  to  33  ft  (Well  36081)  and  is  composed 
primarily  of  silty  sand  and  sand  with  lesser  clay.  Figure  CS-NP-3  shows  a 
typical  alluvial  profile  in  the  vicinity  of  the  chemical  sewer  in  Section  36 
(Wpll  36090). 

The  underlying  Denver  Formation  bedrock  is  composed  of  claystone,  sandy 
claystone,  and  sandstone  with  lesser  lignite.  The  Denver  Formation  was 
penetrated  by  a  deep  disposal  well  in  Section  26,  in  which  the  formation  has 
been  interpreted  to  have  a  thickness  of  250  to  300  ft.  A  detailed  description 
of  the  Denver  Formation  is  found  in  a  study  by  Nay  (1982/RIC  82295R01). 

1.3  BYDROLOGY 

Surface  elevation  in  the  vicinity  of  the  chemical  sewer  varies  from  a  high  of 
approximately  5,230  ft  above  mean  sea  level  (msl)  in  the  southwestern  comer, 
to  a  low  of  approximately  5,200  ft  msl  in  the  northeastern  comer.  Along  the 
southern  portion  of  the  chemical  sewer  line,  which  carried  waste  toward  Basin 
A,  the  surface  elevation  varies  from  approximately  5,225  ft  msl  to  5,250  ft 
msl. 

Surface  water  in  the  vicinity  of  the  North  Plants  chemical  sewer  generally 
flows  north  and  east  toward  First  Creek.  Run-off  in  the  North  Plants  complex, 
and  from  the  portion  of  the  line  from  the  complex  to  Manhole  5-4,  flows 

6 

Site  CS-NP 
0069U/0109A 
Rev.  9/14/88 


Prtportd  for> 

Progrom  Manogtrt  Offic*  for 
Rocky  Mountoin  Arsonol  CKonup 
Abtrdoon  Proving  Ground,  Morylond 


FIGURE  CS-NP-3 

Field  Boring  Profile  for  Well  36090 

Rocky  Mountain  Aritnol,  Tosk  10 
Proportd  by  =  Ebosco  Strvicot  Incorporotod 


northeast  to  First  Creek.  Surface  water  fron  the  western  portion  of  the  line, 
which  includes  Manholes  5-1  to  5-3,  flows  south  and  then  west  to  ditches 
draining  into  Basin  B  and  Sand  Creek  Lateral  (Plate  CS-NF-2).  Surface  water 
saaples  were  taken  from  First  Creek,  east  of  the  North  Plants  conplex  and  no 
analytes  were  detected  (ESE,  1986b /RIC  8631 7R01). 

In  the  vicinity  of  the  North  Plants  chemical  sewer,  alluvial  groundwater 
generally  flows  to  the  north-northeast  (Plate  CS-NP-3).  In  the  northern 
portion  of  Section  36,  groundwater  flows  in  several  directions.  A  major 
component  of  flow  is  channelled  to  the  northwest,  through  Basin  A  Neck,  an 
alluvial-filled  bedrock  paleochannel  located  in  the  northeastern  comer  of 
Section  35  and  the  northwestern  comer  of  Section  36.  The  alluvium  on  either 
side  of  this  channel  is  unsaturated.  Lesser  components  of  groundwater  flow  in 
this  area  are  to  the  north  and  northeast.  Borings  drilled  under  ongoing 
Task  42  (Ebasco,  1987a/RIC  87336R01)  show  that  the  depth  to  groundwater 
beneath  the  central  part  of  North  Plants  ranges  from  approximately  48  ft  below 
the  ground  surface  (5,170.7  ft  msl)  in  Boring  6B  on  the  northwestern  side  of 
the  complex  to  approximately  18.5  ft  (5,180.8  ft  msl)  in  Boring  42  on  the 
southeastern  side.  Depth  to  groundwater  in  Well  36090,  which  is  within  100  ft 
of  sampled  trenches  as  part  of  the  Task  10  activities  (shown  on  Plate 
CS-NP-1),  was  measured  at  5,230  ft  msl  in  March  1986  (ESE,  1986b7RlC 
86317R01).  The  elevation  is  approximately  14  ft  below  the  level  of  the  pipe 
in  Trench  MKE  11,  and  21  ft  below  the  pipe  in  Trench  MKE  22. 

Groundwater  quality  samples  collected  in  January  1986  from  upgradient  Well 
36082  contained  isor^rln,  dichlorodiphenyltrichloroethane,  diisopropylmethyl 
phosphonate,  1,4-oxathiane,  1,4-dithiane,  p-chlorophenylmethyl  sulfide, 
p-chlorophenylsiethyl  sulfone,  p-chlorophenylmethyl  sulfoxide,  m-xylene, 
chloroform,  1,2-dichloroethane,  and  trichloroethylene  (ESE,  1986b/RIC 
86317R01).  Historic  groundwater  data  collected  between  1976  and  1986 
(USATHAMA,  1976-1986)  show  that  downgradient  of  the  North  Plants  complex, 
dimethylmethyl  phosphonate  was  detected  in  Wells  24081,  24084,  24085,  25018, 
and  25019,  chloroform  in  Well  24081,  carbon  tetrachlorid*:  in  Well  24081, 
dibromochloropropane  in  Wellt*  24124  and  24083,  organochlorine  pesticides  in 


8 

Site  CS-NP 
0069U/0109A 
Rev.  9/14/88 


Well  24124,  and  p-chlorophenylnethyl  sulfide,  -  sulfoxide,  and  -  sulfone  in 
Well  24124. 

Because  these  conpounds  are  representative  of  the  class  of  chenicals  typically 
\ised  in  the  awnufacturing  and  demilitarisation  operations  at  North  Plants  and 
of  those  chemicals  disposed  in  Basin  A  and  other  disposal  sites  in  Section  36, 
the  presence  of  these  compounds  in  the  groundwater  downgradient  of  North 
Plants  does  not  indicate  that  the  sewer  line  is  contributing  to  groundwater 
contamination.  Pesticide-related  compounds  probably  are  not  related  to  North 
Plants  operations. 

2.0  BISTQEY 

Information  on  the  history  of  the  North  Plants  chemical  sewer  was  gathered 
through  a  search  of  the  literature  and  of  the  Shell  I,  Shell  II,  and  Juris 
computer  databases.  Aerial  photographs  were  not  reviewed  because  this  is  a 
buried  system. 

The  North  Plants  c(»iplex  was  designed  and  constructed  by  the  Army  from  1950  to 
1952  for  the  manufacturing  of  the  nerve  agent  isopropylmethane-f luoro- 
phosphonate,  called  sarin  (GB);  filling  6B  munitions;  assembly  of  cluster 
bombs;  and  storage  of  GB,  feedstock  chemicals,  and  munitions.  Later,  the  GB 
facility  was  used  for  the  following: 

o  Phosgene  demilitarization  from  1965  to  1967  (MF  RSA015  F  1959, 
1975-1977;  MF  RMA067  F  0636); 

o  Hicrogravel  mine  production  from  1967  to  1968  (HF  RSAOOl  F  1944-45); 

o  H-34  cluster  demilitarization  from  October  1973  to  November  1976  (MF 
RMAIOO  F  0485,  0488,  and  0542); 

o  Demilitarization  of  GB  stored  in  underground  tanks  from  September 
1974  to  Noveiift>er  1974  (HF  IWAIOB  F  2292-97;  HF  RNA003  F  1330); 
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o  Demilitarisation  of  GB  stored  in  ton  containers  from  March  1975  to 
February  1976  (MF  IIMA106  F  2292-97); 

o  Honest  John  demilitarization  from  October  1976  to  November  1976  (MF 
IIMA106  F  2292-97); 

o  Pilot  test  program  for  demilitarisation  of  chemical  agent 

identification  sets  (CAIS)  from  September  1977  and  October  1978  to 
December  1979  (MF  RMA028  F  0502;  MF  RMA034  F  0720); 

o  Demilitarization  of  chemical  agent  identification  sets  (CAIS)  from 
May  1981  to  December  1982  (MF  BMA116  F  0810); 

o  Demilitarisation  of  DDT-contaminated  small  arms  munitions  from 

January  1983  to  June  1983  (MF  RMA030  F  0793;  MF  RIA037  F  0209-0210); 

o  Demilitarization  of  adamsite  (DM)  from  June  1983  to  June  1984  (MF 
RMA153  F  1935;  MF  RMA117  F  1298). 

The  North  Plants  chemical  sewer  consists  of  three  major  parte;  a  cast  iron 
collection  network,  a  contaminated  waste  sump  (Building  1727),  and  chemical 
sewer  trunk  lines  from  the  sximp  to  disposal  basins. 

The  cast  iron  collection  network  was  built  by  the  Army  in  1952  as  part  of  the 
original  complex.  This  network  collects  waste  from  the  GB  processing, 
filling,  and  demilitarizing  facilities,  and  from  the  raw  material  tank  farms. 
In  1971  the  cast  iron  lines  from  Building  1501  and  the  Building  1503  sump  to 
Building  1727  were  replaced  with  glass  lined  pipe  (DOA,  1971). 

The  chemical  waste  sump.  Building  1727,  was  also  built  by  the  Army  in  1952  and 
was  the  point  of  discharge  for  the  cast  iron  collection  system  (Vitro,  1951; 
COE,  1957).  Caustic  solution  and  water  were  added  to  the  sump  to  neutralize 
potential  Army  agent  contamination  (Barbieri,  1987).  From  1952  to  1973 
neutralized  waste  was  pumped  from  the  simp  to  disposal  Basins  A  or  F.  During 
demilitarization  operations  from  1973  to  1976,  sump  wastes  were  tested  to 
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certify  that  they  were  not  contaminated  by  nerve  agenti  before  they  were 
pumped  to  Basin  F.  Chemical  wastes  were  pumped  to  Building  1703  to  be  spray 
dried  into  salts  (Watson,  1974;  Hack,  1985).  The  salts  were  drtmned  and  later 
taken  to  an  EPA-approved  site  in  Utah  (DeCet,  1987).  After  1976,  all  wastes 
collected  in  the  sump  were  disposed  through  the  Building  1703  spray  dryers 
(Mack,  1985).  In  1982,  wastewater  of  unknown  composition  was  hauled  from  the 
South  Plants  manufacturing  complex  to  Building  1727  (Heim,  1985). 

Two  pressurized  discharge  lines  transported  the  neutralized  waste  from 
Building  1727  to  the  disposal  basins.  Initially  the  sump  was  equipped  with  a 
6  inch  cast  iron  pipe,  which  discharged  waste  into  the  unlined  disposal  pond. 
Basin  A  in  Section  36  (USAEHA,  1965).  In  1956,  an  asphalt-lined  pond  (Basin 
F)  was  constructed  in  Section  26  and  a  chemical  interceptor  line  was  installed 
fr<ni  South  Plants  to  Basin  F  (RMA  1975/RIC  81320R05).  The  North  Plants 
chemical  sewer  in  Section  36  was  joined  to  the  chemical  sewer  interceptor  line 
io  Section  35  at  Manhole  1-4  by  an  8  inch  VCP  line  and  four  manholes,  5-1  to 
5-4.  Manhole  5-4  is  located  at  the  discharge  end  of  the  6  inch  CIP  from  North 
Plants.  Sometime  between  1953  and  1961,  a  12  inch  steel  discharge  line  was 
installed  to  connect  the  sump.  Building  1727,  to  Manhole  5-4  (Vitro,  1951). 

In  1982,  the  chemical  interceptor  line  between  South  Plants  and  Basin  F  was 
removed,  including  a  portion  of  the  North  Plants  chemical  sewer  downstream  of 
Manhole  5-1  (RNACCPHT,  1984/RIC  84034R01). 

3.0  FIELD  INVESTIGATION 
3.1  PREVIOUS  INVESTIGATIONS 

IVo  soil  types  are  found  in  the  vicinity  of  the  North  Plante  chemical  sewer 
system  (USDA,  1974/RIC  81266R54).  Soils  in  the  western  side  of  North  Plants 
and  the  southwestern  portion  of  Section  24  are  of  the  Platner-Ulm-Renohill 
Association,  which  consists  of  well  drained,  loamy  soils  that  formed  on 
uplands  in  alluvium  on  interbedded  shale  and  sandstone.  To  the  east  and  north 
of  this  area,  along  First  Creek,  soils  are  of  the  Alluvial  Land  Association. 
This  association  consists  of  nearly  level  poorly  drained  to  well  drained  loamy 
and  sandy  soils  that  foraied  in  stream  and  river  deposits.  There  were  no  soil 
contamination  studies  conducted  in  the  area  of  the  North  Plants  sanitary  sewer 
prior  to  the  current  study.  Soil  contamination  of  the  entire  North  Plants 
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conplex  was  addressed  by  the  Task  42  investigations  (Ebasco,  1987a). 

Although  there  have  been  no  previous  studies  of  soils  in  the  North  Plants 
area,  there  have  been  studies  specific  to  the  condition  and  operation  of  the 
chesilcal  sewer  system.  A  study  was  initiated  in  1955  to  determine  the  most 
economical  siethod  of  reducing  the  possibility  of  groundwater  contamination 
from  chemical  wastes  generated  at  RMA  (Parsons,  1955).  As  part  of  this  study, 
waste  stream  sources  and  volumes  were  determined  for  different  areas  on  RHA. 
An  instantaneous  water  use  of  850  gpm  was  measured  during  a  peak  operating 
period  in  June,  1955  in  the  North  Plants  area  (referred  to  as  "Chemical  Corps 
Plant  No.  1").  The  brines  discharged  from  the  scrubbers  were  kept  dilute 
(about  5  percent  by  weight)  to  avoid  plugging  the  scrubbers.  It  was  expected 
that  the  scrubbers  alone  would  generate  a  stream  of  about  300  gpm. 

In  1960,  a  study  was  undertaken  to  investigate  sources  of  waste  generated  at 
RMA,  the  volume  of  flow  to  Basin  F,  and  the  composition  of  the  waste  (USAENL, 
1960).  It  was  found  that  during  normal  operations,  the  primary  waste  stream 
from  the  North  Plants  manufacturing  complex  averaged  about  100  gallons  per 
minute  (gpm).  Fifty  gpm  came  from  manufacturing,  25  gpm  came  from 
shell-filling  operations,  and  25  gpm  came  from  operation  of  charcoal  filter 
scrubbers  and  maintenance  shops.  The  manufacturing  waste  streams  consisted 
primarily  of  caustic  (sodium  hydroxide),  with  15  percent  sodium  chloride, 
dichlor,  alcohol,  hydrogen  fluoride,  and  possibly  GB  by-products. 

Another  study  was  undertaken  in  1965  to  determine  the  physical  and  chemical 
characteristics  of  liquid  wastes  entering  the  industrial  waste  disposal  system 
at  RMA  (USAEHA,  1965).  During  the  study  no  manufacturing  was  being  done  in 
the  North  Plants  complex,  but  GB  was  being  redistilled  and  munitions  were 
being  filled  with  GB  and  VX,  a  nerve  agent,  there.  The  wastes  generated  were 
primarily  hydrolysis  products  of  the  chemical  agents,  caustic  solution,  and 
washdora  water.  The  total  average  waste  flow  was  approximately  3  gpm.  It  was 
also  noted  that  off-atandard  batches  of  agent  were  neutralized  with  chlorine 
and  caustic  before  going  to  Building  1727.  This  sump  (1727)  was  investigated 
rmder  Task  30  by  Environmental  Science  and  Engineering  (ESE). 
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The  integrity  of  the  chenical  waste  interceptor  line  feeding  into  Basin  F  was 
questioned  in  a  1975  report  (RHA,  1975/RlC  81320R05).  In  1976,  an  attempt  was 
■ade  to  generate  a  rough  flow  balance  of  the  contaminated  waste  system  at  RMA 
to  determine  if  flow  was  being  lost  on  the  way  to  Basin  F  (RMA,  1976/RIC 
81339R21).  In  the  North  Plants  area,  operations  were  far  below  design 
capacity  and  pumping  to  Basin  F  was  only  being  done  on  an  "as  required" 
basis.  Pumping  operations  were  determined  by  the  level  of  liquid  in  the 
contaminated  svimp.  Building  1727,  and  were  controlled  by  boilerhouse 
personnel.  Data  collected  show  that  the  pumps  were  run  about  every  other  day 
for  5  hours.  The  study  found  evidence  of  infiltration  into  the  chemical  sewer 
system  when  flow  was  detected  at  the  farthest  downstream  metering  station  at  a 
time  when  the  pumps  in  the  contaminated  sump  were  not  opei.ating.  Recent  rains 
were  believed  to  have  produced  the  infiltration. 

Potential  soil  and  groundwater  contamination  at  the  North  Plants  complex  is 
currently  being  investigated  under  Task  A2  (Ebasco,  1987a). 

Shell  Oil  Company,  through  their  consultant  Morrison-Knudsen  Engineers,  Inc. 
(MKE),  conducted  investigations  of  the  sewers  at  RMA  prior  to  the  PM-RMA 
studies.  As  part  of  their  study,  MKE  excavated  two  trenches,  11  and  22,  along 
the  VCP  portion  of  the  chemical  sewer  in  Section  36  just  south  of  North 
Plants.  A  schematic  drawing  showing  the  boring  grid  used  during  the  drilling 
program  is  presented  in  Figure  CS-NP-4  and  the  trench  locations  are  presented 
on  Plate  CS-NP-1.  The  analytical  results  are  described  briefly  below  and  are 
sunmarized  in  Tables  CS-NP-2  and  CS-NP-3  (HRO,  1987). 

Trench  MKE  11 

Seven  samples  were  collected  from  Trench  MKE  11  and  were  analyzed  for  volatile 
and  semivolatile  organic  compounds,  arsenic,  and  mercury.  Methylene  chloride 
was  identified  twice  at  concentrations  of  2.9  and  2.2  micrograms  per  gram 
(ug/g).  Diisopropylmethyl  phosphonate  (DIHP)  was  detected  in  all  seven  of  the 
samples  at  concentrations  ranging  from  0.5  to  0.9  ug/g.  No  arsenic  was 
detected  and  mercury  was  found  once  at  0.68  ug/g  in  the  first  sample  taken 
from  under  the  pipe. 
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Prepared  for*  FIGURE  CS-NP-4 

Progrom  Manager's  Office  for  Sampling  Grid  Used  by  MKE 

Rocky  Mountain  Arsenal  Cleanup 

Aberdeen  Proving  Groundj  Maryland  Rocky  Mountain  Arsenal,  Task  10 
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8DI.  -  Bolow  dotoction  Halt 
HA  -  Hot  analyiod 

•  -  Rosulto  for  12  of  the  24  ■oalvolatlle  analytes  were  not  recorded 
Source:  HRO,  1987 
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SDL  -  Balow  dotactlon  Halt 
HA  -  Hot  analyiad 
Sourca:  HRO,  1987 


Table  CS-IIP-3.  Tentative  Identification  of  Nontarget  Compounds 
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Ho  unknown  numbers  are  given  for  target  compounds  detected  by  volatile  organic  analysis  (VGA) 
Concentrations  are  order-of-magnltvde  approximations 
•ce:  HRO,  1987 
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1  -  Ro  unknown  numbers  are  given  for  target  compounds  detected  by  volatile  organic  analysis  (VOA) 

2  -  jConcentrations  are  order-of-magnitude  approximations 
Source:  HRO,  1987 


Analysis  for  nontarget  eoapounds  found  low  levels  of  conpounds  tentatively 
identified  as  hydrocarbons,  alcohols,  acids,  esters,  amines,  and  phthalates, 
with  concentrations  ranging  from  0.3  to  5.6  ug/g. 

Trench  MKE  22 

Trench  MKE  22  yielded  eight  samples  from  three  borings,  one  on  each  side  of 
the  pipe  and  one  from  under  the  pipe.  Results  from  the  volatile  organic 
analysis  showed  methylene  chloride  present  in  all  eight  samples  at 
concentrations  ranging  from  U.h  to  6.7  ug/g.  No  method  blank  data  were 
supplied,  but  because  methylene  chloride  is  a  common  laboratory  solvent,  its 
presence  at  this  relatively  constant  level  in  all  samples  may  be  an  indication 
of  laboratory  background.  Results  obtained  from  the  semivolatile  analysis 
showed  aldrin  at  a  concentration  of  0.6^  ug/g  in  the  sample  taken  from 
directly  under  the  pipe.  Arsenic  was  detected  in  two  samples  at  2.3  and  2.5 
ug/g,  and  no  mercury  was  detected. 

Several  nontarget  compounds  were  noted,  the  most  common  being  those 
tentatively  identified  as  phthalate  ester,  methyl  cyclohexane,  hexane, 
oxygen-substituted  alkene  and  hydrocarbon,  cyclohexane,  propanone,  and 
butanone.  Concentrations  were  generally  low,  less  than  about  2.5  ug/g.  The 
exceptions  to  this  were  the  oxygen-substituted  alkene  (0.9  to  22  ug/g), 
cyclohexane  (9.7  ug/g),  hexane  (1.2  to  2.7  ug/g),  2-butanone  (9.1  ug/g), 
3-pentanone  (2.9  ug/g),  and  hexamethyl-cyclotri-siloxane  (3.0  ug/g). 

3.2  FIELD  SURVEY 
3.2.1  Field  Program 

Using  the  methodology  presented  in  the  Task  10  Technical  Flan  (Ebasco,  1987b), 
the  field  investigation  program  for  the  North  Plants  chemical  sewer  system 
consisted  of  a  manhole  reconnaissance  survey,  observation  of  MKE  trenching 
operations,  and  sample  collection  in  MKE  trenches.  Hydrostatic  testing  of  the 
6  and  12  inch  pressure  lines  originating  at  Building  1727  was  not  done  at  the 
request  of  the  Facilities  &igineer.  No  geophysical  clearance  of  the  sampling 
locations  was  conducted  for  safety  purposes  as  there  was  no  likelihood  of 
encountering  unexploded  ordnance,  buried  metal,  or  other  buried  objects. 
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Four  nanholes  in  the  system  were  inspected)  Manholes  5-4,  5-3,  5-2,  and  5-1. 
These  are  located  along  the  VCP  portion  of  the  pipe  in  Section  36.  There  are 
no  manholes  along  the  chemical  sewer  in  the  main  manufacturing  area  of  North 
Plants.  Manhole  5-1  is  filled  with  concrete.  The  other  manholes  inspected 
are  square  vaults  constructed  of  brick  and  mortar  and  are  in  good  condition. 
The  inlet  to  Manhole  5-4  is  the  12  inch  steel  force  main  originating  in  North 
Plimts,  and  the  outlet  is  vitrified  clay  pipe.  Both  pipes  are  slightly  above 
the  level  of  the  vault  floor,  and  there  is  no  invert  channel.  Approximately 
20  ft  to  the  west  of  Manhole  5-4  is  a  isanhole  containing  a  v-notch  weir,  and 
to  the  north  (approximately  12  ft)  is  an  air  release  valve.  Manholes  5-3  and 
5-2  have  completely  enclosed  pipes  running  through  them  and  contain  several 
inches  of  sediment  saturated  with  what  was  assumed  to  be  water.  Results  of 
the  manhole  survey  are  summarized  in  Table  CS-NP-4. 

During  the  reconnaissance  survey.  Building  1727,  the  sump  and  pump  station, 
was  also  inspected.  The  sump  was  full  of  water  and  appeared  to  be  in  fair 
condition,  with  significant  deterioration  of  the  outer  portions  of  the 
concrete.  There  are  two  lines,  6  inches  and  12  inches  in  diameter,  exiting 
the  pump  station.  The  12  inch  line  empties  into  Manhole  5-4.  The  terminus  of 
the  6  inch  line  is  xmknown,  but  it  is  assumed  to  have  been  plugged  when  the  12 
inch  line  was  installed. 

Two  trenches,  numbered  11  and  22,  were  excavated  in  Section  36  by  HKE.  Trench 
MKE  11  was  located  approximately  20  ft  upstream  of  Manhole  5-2,  and  Trench  MKE 
22  was  located  downstream  of  Manhole  5-4.  Each  trench  exposed  four  sections 
of  pipe  and  three-  joints.  The  pipe  consisted  of  4  ft  sections  of  vitrified 
clay  pipe  with  bituminous  joint  material.  The  exposed  pipe  was  in  generally 
good  condition  with  rare  hairline  cracks.  Samples  were  collected  from  beneath 
the  exposed  joints  for  chemical  and  physical  analysis  in  each  trench.  The 
distribution  of  analytes  detected  within  or  above  their  indicator  levels  and 
the  boring  grid  locations  in  the  trenches  are  presented  in  Figures  CS-NP-6a 
and  6b,  Section  3.2.4  of  this  report. 
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Locations  along  the  chemical  sewer  were  investigated  during  the  fall  of  1986. 
A  total  of  8  borings*  yielding  6  samples  for  chemical  analysis  and  2  samples 
for  physical  analysis*  were  completed  along  the  North  Plants  chemical  sewer 
line  as  follows: 


Trench 

Borins  No. 

Depth  From 
Ground  Surface 
(ft) 

Depth  Beneath 
Sewer  Invert 
(ft) 

No.  of  Samnles 

HKE  11 

1 

5.6 

0.6 

1 

(Trench  depth  ■S 

ft)  2 

6.1 

1.1 

1 

3 

5.8 

0.8 

1 

Physical 

5.5 

0.5 

1 

HKE  22 

1 

6.1 

1.1 

1 

(Trench  depth  >5 

ft)  2 

6.0 

1.0 

1 

3 

6.7 

1.7 

1 

Physical 

5.9 

0.9 

1 

Samples  for  chemical  analysis  were  analyzed  by  gas  chromotography/mass 

spectrometry  (GC/HS)  for  semivolatile  organics;  by  an  inductively  coupled 

argon  plasma  (ICP)  screen  for  metals;  and  by  separate  analysis 

for  arsenic  and 

mercury.  Samples  were  not  analyzed  for  volatile  organics  because  the  soil  in 

the  trenches  had  been  exposed  to 

the  atmosphere. 

Volatile  organic  compounds 

could  have  escaped  by  the  time  the  samples  were  collected.  Appendix  CS-A 
presents  the  specific  target  analytes  for  which  laboratory  analyses  were 
conducted.  A  summary  of  the  results  of  these  analyses  is  presented  in  Table 
CS-NP-5,  Section  3.2.4  of  this  report.  Physical  samples  were  analyzed  for 
fluid  content,  density,  compaction*  and  grain  size  distribution.  Results  from 
these  analyses  were  used  to  determine  if  the  pipe  and  bedding  material  were 
properly  designed  and  installed. 

3.2.2  Field. flhAerYfltiona 

In  situ  air  monitoring  was  conducted  during  drilling  operations  for  safety 
purposes  using  a  photoionization  detector  (HNU).  All  in  situ  volatile  organic 
readings  were  recorded  at  background  levels.  The  results  of  the  volatile 
organic  readings  in  the  borehole  at  the  sampled  depths  are  presented  in  Table 
CS-NP-6*  Section  3.2.4  of  this  report. 

An  H18A2  test  kit  was  used  to  aionitor  for  the  presence  of  chemical  agents  in 
the  borehole  and  samples  according  to  standard  operating  procedures.  The 
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M18A2  is  used  ss  s  backup  test  if  an  H8  slam  is  triggered,  as  a  substitute 
for  an  H8,  and  as  a  specific  check  for  the  presence  of  aiustard.  The  M18A2 
detects  G  agents,  V  agents,  all  foms  of  mustard,  and  lewisite.  Specifically 
at  RMA,  the  M18A2  test  kit  is  used  to  detect  GB  (sarin),  VX,  B  (mustard),  HD 
(distilled  mustard),  and  L  (lewisite),  based  upon  the  knowledge  that  these 
agents  were  manufactured,  stored,  or  demilitarised  at  the  site.  The  detection 

3 

limit  for  all  mustard  agents  is  0.5  milligrams  per  cubic  meter  (mg/m  );  the 

3 

detection  limit  for  all  G  agents,  VX,  and  L,  is  0.2  mg/m  . 

No  chemical  agents  were  detected  at  these  locations  by  the  M18A2  test  kit.  No 
unexploded  ordnance,  buried  metal,  or  other  objects  were  detected  during 
drilling.  No  unusual  coloring  or  staining  of  the  core  samples  was  noted. 

3.2.3  Geophysical  Exploration 

No  geophysical  exploration  of  these  trenches  was  conducted  by  Ebasco  personnel 
as  the  trenches  had  already  been  cleared  and  sampled  by  NKE. 

3.2.4  Analvte  Levels  and  Distribution 

Diisopropylmethyl  phosphonate,  cadmium,  zinc,  and  mercury  were  detected  within 
or  above  their  indicator  levels  along  the  North  Plants  chemical  sewer  in 
Section  36.  The  number  of  samples  containing  each  analyte,  and  the 
concentration  range,  median,  mean,  standard  deviation,  detection  limit,  and 
indicator  range  are  listed  in  Table  CS-NF-5.  The  results  of  geologic  field 
observations,  air  monitoring  during  sampling,  and  the  ch^ical  analysis  of 
each  soil  sample  are  summarized  in  Table  CS-NP-6.  A  summary  of  results  of  the 
geotechnical  analysis  of  each  physical  sample  is  given  in  Table  CS-NF-7  and  in 
Figures  CS-NF-5a  and  5b. 

Indicator  levels  and  ranges  were  established  to  assess  the  significance  of 
metal  and  organic  analytical  values.  The  indicator  levels  are  the  method 
detection  limits  for  organic  compounds.  The  indicator  ranges  for  metals 
reflect  the  concentrations  expected  to  occur  naturally  in  RMA  alluvial  soils. 
Selection  of  these  ranges  is  discussed  in  the  Jtme  1986  Introduction  to  the 
Contamination  Assessment  Reports  (ESE,  1986a). 
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Table  C8-HT-5.  8«i*«ry  ot  Analrtieal  Raaulca  for  Cheaical  Sewar  -  North  Flants 
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BDL  -  Belov  detection  Unit 
BKD  -  Background 

S  -  As  referenced  to  calibration  standard  of  bencene  for  HNU;  reading  has  been  adjusted  to  account  for  background  level 
VO  -  As  deternined  by  visual  observation  and  rounded  to  the  nearest  t  percent 


Table  CS-llP-7.  Stmary  of  Soil  Properties  Indexes  and  Harvard  Miniature  Compaction  Teat.  Page  1  of  1. 
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Dlisopropylnethyl  phosphonate  was  detected  at  a  concentration  of  1  ug/g  in  the 
4.8  to  5.6  ft  interval  of  Boring  1  of  Trench  HKE  II.  Cadniun  and  zinc  were 
detected  within  their  Indicator  ranges  in  the  5.3  to  6.0  ft  interval  of  Boring 
2  in  Trench  HKE  22  at  1.3  ug/g  and  68  ug/g,  respectively.  Mercury  was 
detected  above  its  indicator  range  in  three  of  the  tix  sanples  collected.  It 
was  detected  in  Trench  HKE  11  in  the  4.8  to  5.6  ft  interval  of  Boring  1,  and 
in  the  5.2  to  6.1  ft  interval  of  Boring  2  at  concentrations  of  0.25  ug/g,  and 
0.63  ug/g,  respectively,  and  in  Trench  HKE  22  in  Boring  2  in  5.3  to  6.0  ft 
interval  at  a  concentration  of  0.26  ug/g.  Mercury  was  also  detected  within 
its  indicator  range  in  Trench  HKE  11,  Boring  3  in  the  4.9  to  5.8  ft  interval 
at  a  concentration  of  0.058  ug/g.  The  distribution  of  these  target  analytes 
detected  within  or  above  their  indicator  levels  are  presented  in  Figures 
CS-NP-6a  and  6b.  A  tabulation  of  all  analytical  data  associated  with  this 
program  is  presented  in  Appendix  CS-B. 

In  addition,  several  compounds  were  detected  by  GC/MS  that  were  not  included 
in  the  target  compound  list  and  tbet  were  not  conclusively  identified.  Table 
CS-NP-8  lists  the  boring  number,  sample  interval  depth,  relative  retention 
time  (shown  as  "unknown  number"  on  the  table),  concentration,  sample  number, 
lot,  best-fit  identification,  and  comments  for  these  nontarget  compounds 
detected  in  trenches  along  the  North  Plants  chemical  sewer.  It  should  be 
noted  that  an  individual  compound  may  have  more  than  one  retention  time,  and 
also  that  a  particular  retention  time  may  be  assigned  to  more  than  one 
compound.  Therefore,  Table  CS-NP-8  provides  only  a  general  indication  of 
additional  compounds  that  may  be  present. 

An  unknown  hydrocarbon  with  more  than  18  carbons,  possibly  an  alcohol  or  an 
alkene,  was  tentatively  identified  at  0.5  parts  per  million  (ppm)  in  Boring  2 
of  Trench  MKE  11  at  the  5.2  to  6.1  ft  interval.  In  Boring  3,  from  Trench  MKE 
11  in  the  4.9  to  5.8  ft  interval,  one  compound  tentatively  identified  as  a 
glycol  and  two  as  propanoic  acid  derivatives  were  found  at  concentrations  of 
0.6  ppm,  0.3  ppm,  and  0.5  ppm,  respectively.  The  only  other  nontarget 
compound  noted  was  an  unknown  phthalate,  which  was  tentatively  identified  at  a 
low  concentration  in  Boring  1  of  Trench  HKE  22  in  the  5.2  to  6.1  ft  interval. 
No  nontarget  volatile  organic  compounds  were  found,  as  these  samples  were  only 
analyzed  for  semivolatile  organic  compounds  in  the  GC/MS  analysis. 
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3.2.5  Contaalnatlon  Asaesaaent 

Analyses  of  sanples  collected  by  Ebasco  from  the  two  trenches  along  the  North 
Plants  chemical  sewer  line,  in  the  northern  part  of  Section  36,  revealed 
concentrations  of  diisopropylmethyl  phosphonate,  cadmium,  sine,  and  mercury 
within  or  above  their  indicator  levels.  Five  tentatively  identified  nontarget 
compounds  of  note,  an  alcohol  (or  alkene),  a  glycol,  two  propanoic  acid 
derivatives,  and  an  unknown  phthalate  were  detected  in  these  samples. 

Diisopropylmethyl  phosphonate  was  found  at  a  low  concentration  (1  ug/g)  in  one 
sample  taken  from  beneath  the  sewer  line  in  Trench  MKE  11.  Diisopropylmethyl 
phosphonate,  a  by-product  of  GB  nerve  gas  manufacture,  was  disposed  in  Basin  A 
through  the  North  Plants  chemical  sewer  prior  to  1957,  and  in  Basin  F  from 
1957  to  the  early  1960s  (Ebasco,  1988).  Trench  MKE  11  is  located  south  of  the 
trash  pits  in  the  northern  part  of  Site  36-17N,  Task  1.  Surface  borings 
performed  under  Task  1,  in  the  vicinity  of  Trench  MKE  11,  did  not  show  signs 
of  diisopropylmethyl  phosphonate  contamination  (ESE,  1986c).  Based  on  this 
information  it  appears  that  the  North  Plants  chemical  sewer  is  the  source  of 
the  small  amount  of  diisopropylmethyl  phosphonate  detected  at  this  location. 

Cadmium  and  sine  were  the  only  metals  detected  at  concentrations  within  their 
indicator  ranges.  These  concentrations  are  consistent  with  those  naturally 
occurring  in  alltxvial  materials  in  which  they  were  found  at  RMA. 

Mercury  was  detected  above  its  indicator  range  in  three  of  the  six  borings 
drilled  along  the  North  Plants  chemical  sewer.  In  the  past,  mercury  has  been 
flushed  to  the  chemical  waste  sump.  Building  1727,  from  the  instrument  lab 
located  in  Building  1601  (NF  RMA062  F  2141-2142),  and  therefore  may  have  been 
discharged  to  Basin  F  through  the  chemical  sewer  in  Section  36. 

Concentrations  of  mercury  ranging  from  0.058  ug/g  to  0.63  ug/g  were  found  in 
all  three  samples  from  Trench  MKE  11  and  in  a  fourth  sample  from  Trench  MKE 
22.  A  review  of  Task  1  data  does  not  indicate  the  presence  of  siercury 
contamination  in  borings  located  in  the  vicinity  of  the  North  Plants  chemical 
sewer  (ESE,  1986c).  Therefore,  it  appears  that  the  elevated  levels  of  mercury 
foxmd  in  this  study  originate  from  the  chemical  sewer. 
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The  five  tentatively  identified  nontarget  compounds  detected  along  the 
chemical  sewer  were  found  at  a  low  concentrations,  0.3  ppm  to  0.6  ppm.  An 
unknown  phthalate,  a  plasticiser,  was  found  at  a  low  concentration  in  one 
boring  and  is  ubiquitotia  in  the  environment  or  may  have  originated  from  the 
sample  containers.  The  hydrocarbon,  glycol,  and  propanoic  acid  derivatives 
are  not  known  to  occur  naturally  and  may  have  originated  from  the  chemical 
aewer  line. 

The  semivolatile  method,  althoitgh  not  certified  for  volatile  compounds,  has 
been  shown  to  be  capable  of  detecting  tetrachloroethylene,  toluene, 
chlorobensene ,  ethylbenzene,  and  xylenes  in  the  nontarget  fraction.  The 
absence  of  these  compoxmds  in  the  nontarget  results  for  this  site  is  an 
indication  that  there  is  no  contamination  present  from  these  compounds. 

Analysis  of  samples  from  the  HKE  field  program  showed  methylene  chloride  in  10 
of  the  15  samples  at  concentrations  ranging  from  2.2  to  6.7  ug/g.  The 
frequent  detection  of  methylene  chloride  within  a  narrow  concentration  range 
may  be  due  to,  laboratory  contamination.  Aldrln  was  found  once,  directly  under 
the  pipe  at  a  concentration  of  0.64  ug/g  in  Trench  MKE  22.  Diisopropylroethyl- 
phosphonate  was  found  in  all  seven  samples  from  Trench  MKE  11  at 
concentrations  ranging  from  0.5  to  0.9  ug/g.  As  discussed  previously, 
diisopropylmethyl  phosphonate  was  disposed  in  Basin  F  through  the  North  Plants 
chemical  sewer  from  1957  to  the  early  1960s. 

Mercury  was  detected  once  by  the  Mi.E  program  at  a  level  of  0.68  ug/g  in  Trench 
MKE  11.  This  corroborates  mercury  concentrations  detected  by  the  Ebasco  field 
program. 

Nontarget  analyses  detected  several  compounds  that  were  tentatively  identified 
as  hydrocarbons,  alcohols,  acids,  esters,  amines,  and  phthalates.  The 
alcohol,  acids,  esters,  and  phthalates  are  usually  associated  with  naturally 
occurring  compounds  and  are  common  in  soils  at  RHA.  The  presence  of 
hydrocarbons,  however,  may  be  due  to  the  chemical  sewer. 
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As  samples  were  only  collected  from  directly  beneath  the  sewer  pipe,  it  is 
difficult  to  accurately  assess  the  extent  of  potential  contaminant  migration 
along  the  North  Plants  chemical  sewer  line.  Based  on  information  gathered  in 
this  study  it  appears  that  potential  contamination  of  soils  underneath  the 
chemical  sewer  line  is  limited  to  mercury,  aldrin,  diisopropylmethyl 
phosphonate,  and  some  hydrocarbons.  At  the  time  the  samples  were  analyzed, 
the  laboratory  was  not  certified  to  test  for  the  agent  products  fluoroacetic 
acid,  isopropylsiethyl  phosphonate,  and  methylphosphonate,  which  are  breakdown 
products  of  GB.  Because  the  only  activities  in  this  area  were  GB  manufacture 
and.  storage  and  some  Army  agent  demilitarization,  these  data  will  eventually 
be  needed  for  a  complete  assessment  of  potential  contamination. 

Although  no  samples  were  collected  from  beneath  the  cast  iron  and  steel 
sections  of  pipe,  the  VCP  sections  will  provide  a  worst-case  estimate  of 
leakage  and  extent  of  possible  contaminant  migration.  Vfhile  steel  and  GIF 
will  not  leak  if  the  sections  are  joined  properly,  VCF  is  anticipated  to  leak 
at  the  joints  because  the  pipe  sections  are  joined  with  a  porous  material. 

The  greatest  potential  for  leakage  along  the  chemical  sewer  line  in  North 
Plants  is  therefore  in  the  VCF  portion  of  the  line. 

3.3  FOLLOW-W  INVESTIGATIONS 

The  nature  and  extent  of  potential  contamination  associated  with  the  North 
Plants  chemical  sewer  have  been  adequately  assessed  to  determine  a  worst-case 
estimate  of  potentially  contaminated  soil.  Therefore,  no  follow-on 
investigations  are  recommended  for  the  chemical  sewer  in  the  North  Plants  area 
at  this  time. 

Although  a  worst-case  estimate  of  potential  contamination  has  been  delineated, 
additional  work  may  be  needed  as  part  of  the  Feasibility  Study  or  design  phase 
of  remediation  to  more  precisely  define  the  extent  of  potential  contamination. 
If  the  RHA  Feasibility  Study  determines  this  additional  information  is  needed, 
the  recommended  work  will  be  completed  as  part  of  the  conceptual  or  detailed 
design  phase  of  remedial  action  to  be  conducted  for  the  North  Plants  chemical 
sewer. 
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The  additional  work,  if  it  occurs «  will  follow  the  aethodology  presented  in 
the  Task  10  Technical  Plan  (Ebasco,  1987a)  and  will  consist  of  two  sets  of  two 
borings  at  each  of  the  Trenches  HKE  11  and  HKE  22  (Figures  CS-NF-7a  and  7b). 
Both  borings  will  be  drilled  from  the  ground  surface,  one  approkiaiately  1  ft 
away  fron  the  pipe,  the  other  5  ft  away.  The  first  sample  will  be  taken  at  a 
depth  equal  to  the  bottom  of  the  pipe  (approxiaiately  5  to  6  ft)  and  additional 
aasiples  will  be  taken  at  5  ft  intervals  (10  to  11  ft,  15  to  16  ft,  etc.).  The 
boring  1  ft  from  the  pipe  will  be  drilled  to  the  water  table.  The  boring  5  ft 
away  will  be  drilled  to  15  ft  beneath  the  pipe  or  to  the  water  table, 
whichever  is  reached  first.  Groundwater  maps  indicate  the  water  table  is 
between  10  and  20  ft  beneath  the  sewer  at  these  locations. 

It  is  anticipated  that  this  program  will  yield  12  to  18  samples,  depending  on 
the  depth  to  the  water  table. 


No.  of  Borings 

Depth  Below 

Sewer  Invert  (ft) 

No.  of  Samples 

2 

Water  Table 

3  to  5 

2 

15  ft  or  Water  Table 

3  to  4 

The  samples  will  be  analyzed  for  semivolatile  organics,  ICP  metals,  mercury 
and  arsenic  to  verify  results  of  the  initial  investigation  and  to  determine  if 
the  compounds  detected  have  migrated  away  from  the  pipe.  In  addition,  the 
samples  will  be  analyzed  for  volatile  organics  and  agent  products  (GBDP).  As 
discussed  previously,  these  were  not  included  in  the  initial  investigation, 
but  Slay  be  needed  to  more  precisely  define  the  extent  of  contamination  during 
the  Feasibility  Study  or  design  phase  of  remediation.  The  maximum  number  of 
samples  to  be  tested  by  each  analytical  method  is  listed  below. 


Analytical  Method 
Volatile  Organics  (VO) 
Semivolatile  Organics  (SVO) 
ICP  Metals 
Mercury  (Hg) 

Arsenic  (As) 

Agent  Products  (GBDP) 


Wo.  of  Samples 
18 
18 
18 
18 
18 
18 
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BOTTOM  OF  TRENCH 
approximate  4  feet  — 


JOINT  3 


•Ofti  6/ 


JOINT  2 


/  ■ 

Physical 

/  Sample 


S-6  VO.SVO.ICP.Hg.As.OPC.TDG 
10-11  V0,SV0,ICP,H9,As,0PC,TDG 
15-16  VO.SVO.ICP.Hq.As.OPC.TDG 
£0-21  VO,  SV0,ICP,Hg,A5,0PC.TDG 
25-26  VO,SVO,ICP,Hg,As,OPC,TD6 


JOINT  I 


Q  Boring  Location 


Legend 


proposed  Boring  Location 


Direction  of  Flow 


Boring  4  will  be  drilled  to  the  water  toble 


Sompllng  ^  0-1,0  lvo.$vo-i^  Level  (uq/q) 

Interval  ^ 


VO  Volotil*  Orgonict 

SVO  Sintivototile  Orgonic* 

ICP  '  ICP  M^tols 

Hg  -  Mercury 


e  e  Borina.  5  Mrill  be  drilled  to  15  ft.  or  to  the  woter 

tobte  At  -  Arstntc 

✓Anolyte 


OPC  *  Orgonophotphorut 
Compoundt 

TOG  -  Thtodiglycoi 


-N 


Prepared  for: 

Program  Monoger's  Office  for 
RocHy  Mountain  Arsenol  Cleanup 
Aberdeen  Proving  Ground,  Moryland 

Drafted  i  2/1/88 


FIGURE  CS-NP-7b 
Proposed  Additional  Borings 
and  Sampling  Locations,  Trench  MKE  II, 
Sec.  36 

Rocky  Mountain  Arsenal,  Task  10 
Prepared  by  =  Ebasco  Services  Incorporated 


VO.  SVO,  1C  P.  Hg ,  As,  OPC,  T  DG 
10-11  VO.SVO.ICP,  Hq.As,  OPC.TOQ 
IS-16  VO,SVO,ICP,Hq.As.OPC,TOq 
20-2!  VO.SVO."lcKHq.As.OPC,TDg 
V0,SV0,lCP,Hg,As,0PC.TD6 


LEGEND 


Boring  Location 
Proposed  Boring  Location 


Direction  of  Flow 

Boring  4  will  be  drilled  to  the 
water  table 

Boring  5  will  be  drilled  to  IS  feet 
or  the  water  table 


VO  -  Volotile  Organics 
SVO  —  Semivolatile  Organics 
ICP  -  ICP  Mefols 
Hg  —  Mercury 
As  —  Arsenic 

OPC  —  Organophosphorous 
Compounds 

TOG  —  Thiodiglycol 


Prepared  for^ 

FIGURE  CS-NP-7b 

Program  Monoger's  Office  for 

Proposed  Additional  Borings 

Rocky  Mountain  Arsenal  Cleanup 

and  Sample  Locations,  Trench  MKE  22, 

Aberdeen  Proving  Groundj  Maryland 

Sec.  36 

Rocky  Mountain  Arsenal,  Task  10 

Prepared  by  =  Ebosco  Services  Incorporated 

3.4  QUANTITY  OF  POTENTIALLY  CONTAMINATED  SOIL 

Based  on  the  results  of  the  field  prograa»  the  estiaated  voltaw  of  potentially 

contaminated  soil,  rounded  to  two  significant  figures,  is  140,000  cubic  yards 

3  3 

(yd  )  with  an  estisiated  uncontaminated  overburden  of  91,000  yd  . 


Because  samples  were  only  collected  from  directly  beneath  the  pipe,  additional 
information  is  needed  to  determine  the  vertical  and  horisontal  extent  of 
potential  contamination.  No  other  data  are  available  for  the  North  Plants 
chemical  sewer,  so  data  from  the  South  Plants  chemical  sewer  has  been  used. 

The  worst-case  extent  of  potential  contamination  for  the  South  Plants  chemical 
sewer  provides  a  conservative  estimate  of  the  extent  of  potential 
contamination  from  the  North  Plants  chemical  sewer.  Based  on  data  for  Trench 
CS02  (Section  3.2,  Chemical  Sewers  -  South  Plants,  in  this  report),  the  soils 
were  assumed  to  be  contaminated  to  the  water  table  and  laterally  to  a  distance 
of  10  ft  on  either  side  of  the  sewer  line.  The  volume  of  potentially 
contaminated  soil  was  determined  by  dividing  the  North  Plants  chemical  sewer 
system  into  three  sections  and  calculating  soil  volumes  for  each.  The  three 
sections  are:  the  network  of  cast  iron  collection  pipes  upstream  of  the  sump, 
Building  1727;  the  pressurized  pipe  between  the  sump  and  Manhole  5-4;  and  the 
VCP  line  between  Manholes  5-4  and  5-1.  The  numbers  given  in  the  following 
table  reflect  this  division.  The  pressurized  pipe  between  the  sump  and 
Manhole  5-4  is  actually  two  pipes,  a  12  inch  steel  pipe  and  a  6  inch  cast  iron 
pipe.  Becatise  the  actual  distance  between  the  two  pipes  is  unknown,  a  spacing 
of  5  ft  (60  inches)  was  assumed. 


Length  of  sewer  line  (ft) 
Average  pipe  diameter  (inches) 
Average  vertical  extent  of 
potentially  contaminated  soil 
beneath  sewer  line  (ft) 

Average  depth  of  uncontaminated 
overburden  (yd  ) 

Lateral  extent  (ft) 


Collection 

_ lisss _ 

4,800 

6 


Pressurized 

_ Eijlfi _  VCF- 

4,100  2,000 

78  8 


15.6  15.7  13.9 

9.3  8  6 

20.5  26.5  20.7 
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Collection 

_ fiPfiR _ 

Pressurised 

Pipe _ 

VCP 

Estimated  volume  of  potentially 

contaminated  soil  (yd'^) 

57,000 

63,000 

21,000 

Estimated  volume  of  uncontaminated 

overburden  (yd^) 

34,000 

32,000 

25,000 

1 

Total  estimated  volume  of  potentially  contaminated  soil  »  140,000  yd^. 


Results  from  this  survey  and  the  South  Plants  chemical  sewer  survey  were  used 
to  generate  a  most  conservative  (worst-case)  estimate  of  the  volume  of 
potentially  contaminated  soil  associated  with  the  North  Plants  chemical 
sewer.  This  delineation  of  the  boundaries  of  potential  contamination  should 
not  be  construed  to  indicate  the  actual  presence  of  contamination  within  the 
volusMS  outlined.  In  addition,  this  approach  is  not  intended  to  imply  that 
any  or  all  of  the  soil  within  the  potentially  contaminated  volume  must  be 
remediated,  nor  does  it  make  any  assumption  about  the  type  of  remediation  that 
may  be  required.  Rather,  this  approach  is  intended  to  provide  preliminary 
estimates  of  the  maximum  possible  volume  of  contaminated  materials  for 
planning  purposes  only. 
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The  South  Plants  chosical  sewer  systea  is  located  in  the  South  Plants 
■anufacturing  conplex  in  Sections  1  and  2  on  the  Rocky  Hountain  Arsenal.  The 
systesi  carried  chemical  wastewaters  from  production  units  in  the  South  Plants 
Bunufacturing  cosiplex  to  disposal  sites  on  the  Rocky  Mountain  Arsenal.  The 
chemical  sewer  is  constructed  primarily  of  4  to  12  inch  diameter  vitrified 
clay  pipe.  The  system  was  investigated  under  Task  10  during  the  winter  of 
1986-1987.  A  total  of  68  borings*  yielding  103  samples*  were  completed  in  11 
trenches  and  in  5  sutnholes. 

Thirty-seven  target  analytes  and  a  large  number  of  tentatively  identified 
nontarget  compounds  were  detected  in  samples  taken  from  along  the  chemical 
sewer  Including  pesticides*  herbicides*  process  intermediates,  solvents,  and 
metals.  Aldrin  and  dibromochloropropane  were  detected  in  several  samples  at 
concentrations  greater  than  10,000  micrograms  per  gram,  and  a  nontarget 
halogenated  hydrocarbon  was  tentatively  identified  at  2,000  micrograms  per 
gram.  A  general  trend  in  several  of  the  trenches  and  manholes  was  that  the 
nuBd>er  and  concentration  of  contaminants  decreased  with  distance  from  the 
pipe. 

No  follow-on  work  is  recommended  for  the  South  Plants  chemical  sewer  system 
at  this  time.  Based  on  the  field  program,  the  total  estimated  volume  of 
potentially  contaminated  soil  is  120,000  cubic  yards,  with  an  estimated 
uncontaminated  (by  the  sewer  system)  overburden  of  120,000  cubic  yards. 


CONTAMINATION  ASSESSMENT  REPORT 
CHBMICAL  SEWER  ~  SOOTH  PLANTS 


1.0  fHYSICAL  SgTTIWG 

1.1  LOCATION  AND  DESCRIPTION 

The  South  Plante  ehenical  eewer  eystem  is  located  in  the  South  Plants 
manufacturing  complex  in  Sections  1  and  2  on  the  Rocky  Mountain  Arsenal 
(RMA).  The  South  Plants  chemical  sewer  system  received  wastes  from  various 
generators  including  the  U.S.  Army,  Julius  B3ni>an  and  Company,  Colorado  Fuel 
and  Iron  Company,  and  Shell  Chemical  Company. 

The  majority  of  the  South  Plants  chemical  sewer  system  was  a  gravity  system 
constructed  of  A  to  12  inch  diameter  vitrified  clay  pipe  (VCP).  The  chemical 
waste  stream  was  initially  routed  to  Basin  A  and  three  lime  slurry  settling 
basins  located  in  Section  36,  and  subsequently  to  Basin  F  located  in  Section 
26.  A  general  siap  that  shows  the  location  of  the  South  Plants  chemical  sewer 
system  is  presented  on  Figure  CS-SP-1.  A  detailed  layout  of  the  system  is 
shown  on  Plate  CS-SP-I.  In  the  late  19708,  the  Army  stopped  using  most  of 
the  gravity  system  and  constructed  several  steel  force  mains  leading  to  a 
local  waste  treatment  facility  in  the  South  Plants  area.  Wastes  from  the 
hydrasine  blending  facility  continued  to  be  routed  to  Basin  P  through  the 
gravity  system.  At  approximately  the  same  time.  Shell  ceased  using  the 
underground  gravity  chemical  sewer  system  and  constructed  an  overhead 
collection  system.  In  1982,  the  Army  removed  approxLiiately  15,000  feet  (ft) 
of  8,  10,  and  12  inch  diameter  vitrified  clay  pipe,  which  ran  from  the  South 
Plants  area  to  Basin  F,  from  Sections  26,  35,  and  36  (RHACCFMT,  198A/RIC 
8A03AR01;  Black  &  Veatch,  1981).  The  removed  sections  served  the  South 
Plants  chonical  sewer  system,  the  North  Plants  chemical  sewer  system,  and  the 
coad>ined  flow  from  each  area.  The  downstream  ends  of  the  South  Plants 
chemical  sewers  were  plugged  at  December  7th  Avenue. 
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-  Contaminoted  Waste  Main 

-  Waste  Main  Remaved  by  the  Army  in  1982 

Manhole  with  Number 

L|—  Study  Area  for  South  Plants  Chemicol  Sewer  System 
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The  South  Plante  chesical  eewer  ayatea  preaently  includea  approxiaately 
12(200  ft  of  vitrified  clay  pipe  varying  froa  h  to  12  inchea  in  diaaeter  and 
2,100  ft  of  ateel  force  aaina  (COE,  1984).  Manholea  are  priaarily 
conatructed  of  precaat  concrete  or  brick  and  aiortar.  The  awtal  pipe  joints 
are  velded,  and  the  vitrified  clay  pipe  jointa  are  aealed  with  oakua  and 
ceaent  (Green,  1987).  Kanhole  auiteriala  and  pipe  joint  awteriala  were  spot 
verified  during  field  operations.  A  schematic  of  a  tjrpical  aanhole  showing 
the  ria,  corbel,  apron,  channel,  and  walls  is  presented  in  Figure  CS-SF-2. 
Buildings  connected  to  the  South  Plants  chemical  sewer  system  are  listed  in 
Table  CS-SP-l.  These  buildings  are  listed  by  building  nuiid>er,  not  by  the 
order  in  which  they  were  connected  or  disconnected. 

1.2  GEOLOGY 

The  two  uppermost  stratigraphic  units  beneath  the  South  Plants  manufacturing 
complex  are  Quartemary  alluvium  and  the  Denver  Formation  (Kay,  1982/RIC 
8229SR01).  This  area  is  underlain  by  a  relatively  thin  sequence  of  alluvium 
that  covers  a  bedrock  surface  high  (Hay,  1982/RIC  82295R01).  The  alluvium  in 
the  vicinity  of  the  chemical  sewer  ranges  from  3  ft  (Well  01516)  to  25  ft 
(Well  01505).  Well  locations  are  presented  in  Plate  CS~SP-3  (Section  1.3). 

The  thinnest  alluvium  is  present  along  the  line  south  and  west  of  Manhole  WZ6 
(Wells  01517,  01520,  01567,  and  01007)  and  in  the  vicinity  of  Manhole  W18 
(Well  01516  and  Trench  CSOl).  The  alluvial  thickness  increases  to  the  north 
to  greater  than  20  ft  (Wells  01505  and  01525)  in  the  vicinity  of  the  E-series 
manholes  and  to  approximately  11  ft  in  the  chlorine  plant  area  (Well  02594 
and  Trench  CS03).  Alluvial  thicknesses  penetrated  by  borings  in  manholes  and 
trenches  during  the  Chemical  Sewers  -  South  Plants  field  program  are  shown  in 
Table  CS-SP-Z. 

The  alluvium  in  the  vicinity  of  the  chemical  sewer,  as  shown  in  logs  from 
existing  monitoring  wells,  is  generally  composed  of  combinations  of  silt  and 
clay  with  lesser  sand.  A  higher  sand  content  is  generally  present  in  the 
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Prepared  fbr=  FIGURE  CS-SP-2 

Progrom  Manogers  Office  for  Typical  Manhole  Configuration 
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BUILDINGS  CONNECTED  TO  THE  CHEMICAL  S^ER  IN 
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Building  Building  Description  and  Use 


242 

243 

244 
247 
249 
251 


313 

314 
331 

411 

412 

413 

422 

424A 

424C 

432 

451 

471 

473 


Brine  conversion  to  chlorine  and  dilute  caustic 

Major  facility  of  chlorine  plant 

Chlorine  storage 

Brine  storage  tMnks 

Brine  storage  tanks 

Until  early  1960s:  caustic  evaporation  for  chlorine 
process;  1960s  to  1980:  empty;  1980-1982:  storage  of 
drunned  wastes 

1947-1951:  offices  and  research  lab 
Laundry 

Phosgene  bomb  filling;  after  1977:  PX  storaget  warehouse 
Sulfur  monochloride  and  dichloride  manufacture •  sulfur 
storage 

Mustard  manufacture*  filling,  and  storage;  dichloro 
sianufacture 

Steam  recycle/condensate  control  building;  white  phosphorus 

storage. 

Mustard  manufacture,  filling,  and  storage;  aldrin  filling 
and  storage 

Control  room  building  and  lab  for  aldrin 

Aldrin  filter  building 

Army  warehouse;  burned  down  in  1940s 

Warehouse;  drumming  of  liquid  pesticides 

Thionyl  chloride,  pesticide,  and  herbicide  sianufacture 

Thionyl  chloride  drum  loading;  storage  of  nemagon,  dibrom, 

DDVP,  supona,  and  chlordane  until  1982 
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BUILDINGS  CONNECTED  TO  THE  CHEMICAL  SEWER  IN 
SOUTH  PLANTS 


Source:  Ebasco,  1988b 
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Building 


Building  Description  and  Use 


502 

503 
506 
509 

511 

512 

51A 


51AA 

514C 

51AE 

515 
515A 

516 

517 
521 

521C 

525 

526 


West  chesilcal  sewer  meter  pit 

East  chemical  sewer  meter  pit 

Denver  Effluent  Treatment  control  house 

Denver  Effluent  Treatment  compressor/liquif ier  for  methyl 

chloride 

Manufacturing  building;  offices  and  lab 

19A2-19A7:  distilled  mustard  filling;  pilot  plant  and 

holding  tank  for  pesticides 

Lewisite  production  19A2-1945;  muacard  distillation 
19A5-19A7;  chlordane  and  "Strauss  Hex"  manufacture 
19A7-1952;  production  of  endrin,  metbylparathion,  vapona, 
ciodrin,  bidrin,  ethylparathion  and  azodrin  1951-1981 
Dowtherm  Building,  lewisite  (M-1)  crude  storage,  army 
boiler,  burned  in  1951,  rebuilt 
Acid  pumping  station 
Monomethylamine  dilution  control 

Chlorinated  paraffin,  bladex,  endrir,  and  planavin 
195A-close:  nudrin  and  endrin  tank  building. 

19A2-19A7:  lewisite;  19A7-1951:  chlordane;  1951-1973: 
endrin  and  dieldrin  muriatic  acid  recovery 
19A2-19A7:  Army  changehouse,  tool  room,  office  and  lab 
Lewisite  production;  cracking  of  dir.yclopentadiene, 
production  of  thensal  hex 
Lunchroom  and  field  foreman  office 
Acetylene  generation  for  lewisite  process;  process 
development  lab;  and  nudrin  manufacture 
Pesticide  filter  building 
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TABLE  CS-SP-1 

BUILDINGS  CONNECTED  TO  THE  CHEMICAL  SEWER  IN 
SOUTH  PLANTS 

Source:  Ebasco,  1988b  Page  3  of  3 


Building  Building  Description  and  Use 


528 

529 


532 

53AB 

536 

537 

538 
540 

556 

561 

571 

571B 

724 

727 

729 

732 

741 

742 

742A 

743 


1945-1946:  mustard  incineration;  1966-1982:  pesticide 
refrigeration 

1942-1951:  pumphouse  for  lewisite  and  mustard  distillation 

tempered  water  system  for  azodrin 

Warehouse 

Warehouse,  empty  containers  until  1971; 

1971-1982:  planavin,  bladex,  and  atrozine  packing 
Planavin  unit  process  equipment 

Storage  of  crude  mustard,  acid,  and  caustic;  mustard  demil 
Thaw  house  for  mustard  purification;  mustard  demil 
Drum  disposal;  mustard  demil 

Decon  building,  to  renovate  mustard  containers;  evaporation 
of  brine 

Vertical  holding  tank 

Bicycloheptadiene  process  unit;  building  gutted  in  1981 
Waste  vent  gas  incinerator 

Heavy  and  light  organics  tank  room;  hex  bottom  storage 
Denver  Effluent  Treatment  salt  handling  and  incineration 
Electric,  auto,  and  carpentry  shop 

Storehouse,  maintenance  shop,  changehouse,  and  office 
Napalm  production,  H-19  manufacture 
Refrigeration  building 

Incendiary  oil  bomb  and  mustard  filling,  warehouse,  and 
pesticide  control  shop 
Tankhouse  for  distilled  mustard 
Laboratory,  change  house,  office 
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Table  CS-SP-2.  Suoanary  of  Geologic  and  Hydrologic  Data.  Page  1  of  1. 
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northern  portion  of  the  South  Plants  area  and  in  the  chlorine  plant  area. 
Alluvial  thickness  and  cosiposition  say  vary  in  the  South  Plants  area  due  to 
suuiaade  disturbances «  excavations,  and  the  presence  of  fill  associated  with 
the  construction  of  buildings,  roads,  and  railroads. 

The  underlying  Denver  Formation  bedrock  is  composed  of  interbedded  clays tone 
and  sandstone,  with  lesser  lignite.  As  borings  drilled  in  the  South  Plants 
area  do  not  penetrate  the  Denver  Formation  completely,  the  total  thickness  of 
the  formation  in  this  area  is  unknown.  A  detailed  description  of  the  Denver 
Formation  is  found  in  a  study  by  Hay  (1982/RIC  82295R01). 

Profiles  for  the  boring  drilled  through  Manhole  W21  and  Boring  6  in  Trench 
CS03  are  shown  in  Figures  CS-SP-3a  and  b. 

1.3  HYDROLOGY 

The  South  Plants  manufacturing  complex  is  located  on  a  nearly  flat-lying 
topographic  high  at  an  elevation  of  approximately  5,270  ft  above  mean  sea 
level  (fflsl).  Surface  water  is  primarily  controlled  by  man-made  ditches,  which 
generally  carry  water  in  four  directions  (Plate  CS-SF-2).  Most  of  the  runoff 
from  the  South  Plants  complex  in  Section  2  and  the  southwestern  portion  of  the 
South  Plants  area  in  Section  1  flows  west  and  southwest  to  the  Sand  Creek 
Lateral.  Water  from  the  northern  part  of  South  Plants  in  Section  1  flows  both 
east  and  north.  Runoff  from  the  southeastern  portion  of  the  area  flows 
southeast  toward  the  Derby  Lakes. 

Surface  water  quality  data  from  December  1985  are  available  for  several 
locations  in  the  South  Plants  area  (Plate  CS-SP-2}.  Water  draining  north  into 
Section  36  contained  detectable  levels  of  dicyclopen tadiene,  methylisobutyl 
ketone,  dibromochloropropane,  diisopropylmethyl  phosphonate, 
p-chlorophenylmethyl  sulfide,  p-chlorophenylmethyl  sulfoxide, 
p-chlorophenylmethyl  sulfone,  benzene,  toluene,  ethylbenzene,  xylene, 
chloroform,  1,1-dichloroethane,  trans-l,2-dichloroethylene, 

1,1,1-trichloroe thane,  tetrachloroethylene,  and  chlorobenzene  (ESE,  1986a/RIC 
8631 7R01).  Runoff  sampled  at  the  western  edge  of  the  complex  contained 
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•Idriut  iBodrin*  dieldrin,  «adrln«  chlorofon,  beoBene«  and  aethylisobutyl 
ketone;  and  aurface  water  draining  toward  Lower  Derby  Lake,  sanpled  at  the 
aoutheastem  comer  of  South  Planta*  contnined  iaodrin,  dieldrint  chloroform, 
benaene,  and  awthyllaobutyl  ketone  (Spaine  fc  Gregg,  1983/RIC  83228R01). 

The  primary  direction  of  alluvial  groundwater  flow  acroaa  RMA  ia  to  the 
northweat;  however,  a  localiaed  groundwater  mound  diverta  flow  radially  from 
the  South  Plante  area  (Plate  CS-SP-3).  A  previoua  inveatigation  attributed 
the  preaence  of  the  grotmdwater  mound  to  water  leaking  from  underground  pipes 
into  low  permeability  material  (Stollar  &  Van  der  Leeden,  1981/RIC  81293R05). 
However,  the  presence  of  the  bedrock  high  of  less  permiable  material  in  the 
South  Plants  area  may  have  contributed  naturally  to  the  groundwater  mound. 

The  groundwater  elevation  in  the  area  of  the  chemical  sewer  in  South  Plants  as 
OMasured  in  the  summer  of  1986,  ranged  from  5,260.9  ft  msl  in  Well  01568, 
located  in  the  center  of  the  mound,  to  5,247.6  ft  msl  in  Well  01008  at  the 
eastern  edge  of  South  Plants.  Depth  to  groundwater  in  these  wells  was  9.2  and 
12.6  ft,  respectively  (ESE,  1987a).  Depth  to  grovtndwater  observed  during  the 
field  program  ia  shown  in  Table  CS-SP>-2. 

A  comparison  of  the  groundwater  elevations  (Plate  CS-SP-3)  and  sewer  line 
elevations  (MKE,  1986)  indicates  that  the  northern  section  of  the  system  is  at 
the  same  elevations  as,  or  below,  the  current  local  groundwater  level.  The 
area  includes  Manholes  Wl,  W2,  W3,  W8,  W12,  and  the  E-series  manholes  north  of 
Manhole  E7,  excluding  E12  and  E13. 

Groundwater  quality  data  from  December  1*>S3  and  January  1986  are  available  for 
the  area  of  the  chemical  sewer  in  South  Plants.  Chemical  distribution  maps 
for  alluvial  wells  generated  by  ESE  under  Task  4  have  shown  that  the  following 
chemicals  have  been  detected  in  alluvial  wells  in  the  vicinity  of  the  South 
Plants  chemical  sewer  line:  dieldrin,  p-chlorophenylmethyl  sulfoxide, 
p-chlorophenylmethyl  sulfide,  1,4-dithiane,  1,4-oxathiane,  1,1-dichloroe thane, 
1,1-dichloroethylene,  mercury,  benzene,  trichloroethylene,  chloroform, 
chlorobenzene,  trans-l,2-dichloroethylene,  1,1,1-trichloroethane, 
1,1,2-trichloroethane,  tetrachloroethylene,  arsenic,  dibromochloropropane ,  and 
diispropylmetbyl  phosphonate  (ESE,  1986a/RIC  86317R01). 
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Because  these  conpounds  are  representative  of  the  class  of  chemicals  typically 
found  in  the  groundwater  beneath  the  South  Plants  manufacturing  complex,  their 
presence  in  the  groundwater  beneath  South  Plants  does  not  by  itself  indicate 
that  the  sewer  line  is  contributing  to  groundwater  contamination. 

2.0  HISTORY 

Information  on  the  history  of  the  area  defined  as  the  South  Plants  chemical 
sewer  was  gathered  through  a  search  of  the  Shell  I,  Shell  11,  and  Juris 
computer  databases.  No  review  of  aerial  photographs  was  conducted  for  the 
predominantly  underground  system. 

The  South  Plants  manufacturing  complex  was  originally  constructed  by  the  Army 
in  1942  to  house  operations  for  the  manufacture  of  military  chemicals.  In 
1949,  Julius  Hyman  and  Company  leased  excess  facilities  for  the  production  of 
insecticides  (JHC,  1949).  In  May  1952,  Shell  Chemical  Company  (SCC)  took  over 
the  Hyman  leases  (CWS,  1952).  Shell  manufactured  herbicides,  insecticides, 
and  pesticides  until  1982.  During  the  19506,  Colorado  Fuel  and  Iron  also 
leased  facilities  in  the  South  Plants  area  and  manufactured  chlorobenzene, 
dichlorodiphenyltrichloroethane  (DDT),  naphthalene,  and  chlorine. 

Currently,  there  are  no  production  activities  in  South  Plants.  Shell  Oil 
Company  still  holds  leases  on  a  few  buildings  in  South  Plants,  and  the  Army 
operates  and  maintains  a  few  buildings  in  South  Plants  such  as  the  maintenance 
shops,  laundry,  firehouse,  and  laboratory. 

Initially  the  Army  built  five  separate  sewer  systems  for  disposal  of 
wastewater  generated  in  the  South  Plants  complex:  toxic  waste,  nontoxic 
contaminated  waste,  caustic  waste,  uncontaminated  process  wastewater,  and 
sanitary  sewage  (CWS,  1945a;  CWS,  1945b).  The  process  wastewater  and  sanitary 
sewage  system  are  addressed  in  separate  contamination  assessment  reports.  The 
toxic,  nontoxic  contaminated,  and  caustic  systems  have  been  integrated  into 
one  system  over  the  years  and  are  commonly  referred  to  as  the  chemical  sewer 
or  the  contaminated  waste  system.  This  report  will  refer  to  it  as  the 
chemical  sewer  system. 
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Changes  and  additions  that  were  aade  to  the  chenical  sewer  systen  to 
accosnodate  changes  in  plant  operations  are  outlined  below.  Refer  to  Plate 
CS-SF-1  for  the  location  and  nunber  of  sumholes.  Manhole  nuabers  appear  as 
designated  by  the  Shell  Cheaical  Coapany  (MCE,  1986),  with  Aray  nuabers  given 
as  appropriate  in  parentheses  (e.g.,  U27  (14)). 

Date 
1942 


The  toxic  waste  lines  collected  neutralised  wastes  from  the 
mustard  and  lewisite  production  areas.  Wastes  from  mustard 
production  were  collected  in  a  10  inch  sewer  which  emptied 
into  a  30  inch  line  running  north  under  December  7th  Avenue 
and  then  into  Basin  A.  Wastes  from  lewisite  manufacture 
flowed  first  to  the  H-1  pits  and  then  to  Basin  A  via  the  30 
inch  line.  Wastes  from  the  acetylene  plant  were  pumped  to 
the  lime  settling  basins  in  the  southwest  comer  of  Section 
36  (RMA073  F  0432).  The  toxic  waste  lines  received  wastes 
from  the  original  Army  Manholes  W12  (1),  W15  (2),  W16  (3), 
W21  (4),  W22,  W25  to  W27  (10),  W31  (11),  and  (14)  to  (17) 
(CWS,  1945a;  1945b;  WR4SK,  1943;  MKE,  1986). 

The  nontoxic  waste  system,  west  of  "D"  Street,  originally 
served  as  both  a  conveyance  for  chemical  waste  and  a  storm 
sewer.  The  original  manholes  (designated  by  the  "I" 
numbering  series)  in  the  chlorine  plant  area  were  covered 
with  open  grates*  In  addition,  the  nontoxic  contaminated 
waste  system  received  wastes  associated  with  the  phosgene 
bomb  filling  activities  in  Building  331  (MKE,  1986). 
Originally  the  nontoxic  waste  system  discharged  into  the 
Sand  Creek  Lateral,  which  subsequently  discharged  into  First 
Creek,  but  it  was  discovered  that  salt  concentrations  were 
too  high  for  normal  dilution  by  First  Creek.  The  nontoxic 
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The  chemical  sewer  consists  of  the  three  separate  waste 
systems:  the  toxic  waste  system,  the  nontoxic  contaminated 
waste  system,  and  the  caustic  waste  system. 
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1942  waste  was  diverted  into  two  ponds  in  the  southwestern  comer 

(cont.)  of  Section  26.  Basins  D  and  E  (CWS,  1945a;  CWSi  1945b). 

The  caustic  waste  line  was  constructed  to  carry  caustic  from 
the  chlorine  plant  area  to  a  waste  basin  lined  with  soils 
selected  from  other  areas  of  RMA  and  considered  to  be 
iapemeable  (noted  as  the  "Dry  Reservoir"  on  Plate  CS-SP-1) 
in  the  southeastern  comer  of  Section  35  (CWS,  1945a;  CWS, 
1945b).  This  sewer  line  and  basin  were  never  used  for 
caustic  as  all  the  caustic  produced  was  utilized  by  the 
caustic  fusion  plant  (Donnelly,  undated).  This  line 
included  Manholes  1  through  6. 

1951  Service  to  Building  742A  was  established  by  the  installation 

of  a  force  main  from  the  building  to  a  manhole  south  of 
Building  727  and  by  a  gravity  sewer  from  the  unnumbered 
manhole  to  Manhole  A,  east  of  Building  53S  (MKE,  1986). 

A  chemical  sewer  drain  under  Building  742  was  installed  in 
conjunction  with  the  installation  of  the  distilled  mustard 
filling  line  (Donnelly,  1951). 

Wastes  from  Building  532A  (the  WP  filling  plant)  were 
diverted  from  the  chemical  sewer  to  the  storm  sewer.  Storm 
sewers  in  this  area  drained  to  the  Sand  Creek  Lateral  which 
emptied  into  Basin  D  (RMA060  F  1933). 

1953  A  chemical  waste  sewer  line  was  constructed  from  Building 

732  to  Basin  A.  This  line  included  Manholes  A,  B,  and  C 
(MKE,  1986).  This  line  was  never  used  for  contaminated 
waste  (Donnelly,  1960/BMA060,  1932). 
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Change!  Md  Additiona 

Julius  Hynan  and  Coapany  installed  a  12  inch  sewer  line, 
which  tied  into  an  existing  line  between  Manholes  (IB)  and 
(1).  Manholes  B-1  and  H-2  were  constructed  at  this  time 
(JHC,  1953).  This  line  segregated  Hysum  waste  flows  from 
Amy  waste,  and  discharged  them  to  a  settling  basin  located 
at  the  southeastern  comer  of  the  liiae  settling  basins  (MK£, 
1986). 

Cement  joints  in  part  of  the  chemical  sewer  south  and  east 
of  the  old  mustard  manufacturing  plant  (Building  422)  were 
eroded  by  very  acidic  wastes  coming  from  Building  412. 

Wastes  were  temporarily  diverted  to  an  open  ditch  which 
flowed  to  Basin  A  or  Basin  D  until  the  damaged  pipe  could  be 
replaced  (RLA002  F  0498;  RIAOOl  F  0594-0595;  RLA002  F  1514). 


Basin  F  and  chemical  sewer  mains  from  the  North  and  South 
Plants  complexes  were  constructed  (Craft,  1962;  MKE,  1986). 
Manholes  4-1,  4-2,  and  4-3  were  constructed,  which  linked 
the  chlorine  plant  contaminated  waste  system  (Manholes  I-l 
to  1-15,  except  I-IO)  to  the  original  unused  caustic  waste 
line  (Manhole  6).  The  caustic  waste  line  was  rerouted  to 
the  new  chemical  sewer  at  Manhole  1-8  in  the  southeast 
comer  of  Section  35  with  the  addition  of  Manholes  3-1  and 
3-2  (MKE,  1986). 

The  chemical  sewer  main  to  Basin  F,  north  of  December  7th 
Avenue,  was  connected  to  Manholes  1-10  and  2-1  in  Section  36. 

The  Amy  constructed  a  6  inch  chemical  sewer  line  and 
Manholes  (21),  (22),  and  (23)  to  carry  waste  flows  from 
Buildings  313  and  314  to  the  main  sewer  line  at  Manhole  W21 
(4)  south  of  Building  517  (DOA,  1957). 

Manholes  W4A  and  W5  were  installed  along  with  associated 
pipe  near  Building  534A  (Craft,  1982). 
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Changeg  nnd  AdditiopR 

Floor  drains  froa  the  Building  515  extension  were  installed 
(Craft,  1982). 

A  sewer  line  from  a  vent  gas  burner  (VGB)  in  Building  571  to 
Manhole  E14  was  installed;  Manholes  E13  and  E14  and  the 
sewer  line  to  Manhole  E12  were  added  at  this  tine  (Craft, 
1982). 

A  sewer  connection  was  added  from  tank  T-1337  to  Manholes  W6 
and  W5,  near  Building  534B  (Craft,  1982;  SCC,  1970a). 

The  sewer  line  from  the  west  side  of  Building  534B  to  north 
of  534  tank  farm  was  replaced.  Manhole  W3  and  was  installed 
and  the  line  from  W4  to  W2  was  abandoned  (Craft,  1982;  SCC, 
1970b). 

The  contaminated  sewer  lines  and  manholes  on  the  east  side 
of  Buildings  514  and  516  were  replaced  and  rerouted, 
including  installation  of  Manholes  E5,  E6,  E7  and  E8.  The 
sump  north  of  Building  528  was  abandoned  (Craft,  1982). 

Fifty  feet  of  the  4  inch  VCP  north  of  Building  534B  were 
replaced  (SCC,  1972a;  Craft,  1982). 

A  one-quarter  inch  stainless  steel  liner  was  installed 
inside  the  deteriorated  sump  (above  grade)  at  the  northern 
end  of  Building  516  (SCC,  1972b). 

The  line  north  of  December  7th  Avenue  was  replaced,  three 
BMnholes  were  installed,  and  overflow  to  Basin  A  was  blocked 
(Craft,  1982). 
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197* 


1975 


1976 


Changes  and  AdditionE 

Building  514  wan  connnected  to  Manhole  llA  (not  shown  on 
Plate  CS-SP~1)  with  4  inch  cosent-lined  cast  iron  pipe  (CIP) 
(Craft,  1982;  SCC,  1974a). 

Manhole  E15  and  the  drain  line  to  the  flare  tower  were 
installed  (Craft,  1982;  SCC,  1974b). 

The  sewer  line  from  Building  516,  extraction  area,  to  the 
scrubbers  southeast  of  Building  514  was  replaced  (SCC, 

1975a;  Craft,  1982). 

Manholes  (18)  and  (19)  and  the  sewer  line  south  of  Building 
471  were  replaced.  New  manholes  were  W32  and  W33, 
respectively  (Craft,  1982;  SCC,  1975b). 

A  drain  from  the  hexane  tank  to  Manhole  W1  was  installed 
(Craft,  1982). 

A  sump  east  of  Building  532,  a  sewer  line,  and  Manholes  W6A, 
W6B,  and  W6C  were  installed  (Craft,  1982). 

Approximately  1,500  ft  of  pipe  from  Manhole  lA-1  (not  shown 
on  Plate  CS-SF-1)  to  Basin  P  were  replaced  (SCC,  1975c). 

The  sewer  line  from  the  bicycloheptadiene  operating  area 
west  of  Building  561  was  installed,  and  the  drain  from  the 
tank  farm  to  Manhole  E5B  was  connected  (Craft,  1982;  SCC, 
1976a). 

A  sump  east  of  the  Building  514A  tank  room  was  replaced  with 
a  new  sump  and  new  associated  piping  (SCC,  1976b;  Craft, 
1982). 
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1976 
(cont. ) 


1978 


Changea  and  Additiona 

The  line  froa  Manhole  E7  to  the  east  neter  pit  and  Manholes 
El,  E2,  E3,  EA,  E5,  E6,  and  E7  was  replaced  (Craft,  1982). 

Drain  lines  frm  Buildings  727  and  729  to  new  suaps  were 
installed  to  reswve  Shell  flow  froa  the  sewer  line  used  by 
the  Aray  (Craft,  1982). 

The  sewer  and  tank  fara  for  the  Denver  Effluent  Treatment 
systea  was  installed  near  Buildings  508,  571,  571A,  S71B, 
and  72A  (Craft,  1982). 

Drains  from  the  tank  farm  east  of  Building  53A  were 
installed  (Craft,  1982). 

A  new  concrete  sewer  line  from  Building  313  and  31A  was 
constructed  west  across  "D"  Street  to  Manhole  6  where  it 
connected  to  the  original  caustic  line  that  discharged  to 
Basin  F.  Manholes  6-1,  6-2,  6-3,  and  6-A  were  added  in  the 
chlorine  plant  area  along  the  new  line  (MK£,  1986). 

A  new  flow  metering  system  and  Manholes  EAA  and  EAB  were 
installed  southeast  of  Building  51AD  (Craft,  1982;  SCC, 
1978a). 

Three  sewers  were  installed  from  the  railroad  loading  area 
to  the  existing  sewer  line  near  Manhole  E16  (Craft,  1982). 

A  portion  of  line  between  Manholes  E5  and  E6  was  repaired 
(Craft,  1982). 

Six  metering  stations  in  Manholes  W12,  W22  (2  meters),  E7  (2 
meters),  and  Ell  were  installed.  Five  inlets  to  Manholes 
W31  and  W27  were  plugged  (Craft,  1982). 
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fialifi 
1978 
(cont. ) 


1979 


1980 


1982 


Changes  and  Additions 

The  sewer  line  froa  Manholes  W15  and  W14  to  W9  was 
abandoned.  A  new  4  inch  VCP  line  froa  Manhole  W13  to  the 
line  running  froa  the  Building  514E  suap  to  Manhole  ESA  was 
installed  (Craft,  1982). 

A  new  line  was  installed  connecting  Manholes  W1  and  E2  and 
Manhole  EWl  was  installed,  which  connected  the  east  and  west 
branches  of  the  chemical  sewer  in  South  Plants  (Craft,  1982). 

A  vent  in  the  sewer  line  to  the  air  wash  in  Building  471  was 
installed  (SCO,  1979a). 

Sewer  lines  between  the  Shell  facilities  and  Basin  F  were 
plugged  (Craft,  1982). 

The  sever  li.'.e  from  Manhole  W32  to  W31  was  abandoned. 

Manhole  ,•123  and  the  line  from  Building  473  to  new  Manhole 
W32  were  replaced  (SCC,  1979b). 

The  sewer  pipe  from  Manhole  W33  to  W32  was  slip-lined.  Two 
sump  pumps  were  installed  and  discharge  was  piped  overhead 
to  the  tie-in  to  the  sewer  north  to  Building  451  (Craft, 
1982). 

The  line  from  Manhole  W3  to  W4  was  plugged  (Craft,  1982). 

The  portion  of  the  existing  contaminated  sewer  used  by  Shell 
was  replaced  with  a  new  overhead  chemical  waste  collection 
system  (Craft,  1982;  SCC,  1980). 

The  chemical  sewer  main  from  South  Plants  to  Basin  F  was 
removed  north  of  December  7th  Avenue,  except  for  a  small 
unused  portion  of  the  caustic  waste  line  in  Section  35 
(Unauthored,  1980/MF  RAA016,  F  1337). 
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The  chemical  sewer  is  believed  to  be  a  major  source  of  groundwater 
contamination  in  the  South  Plants  area  (MKE,  1986).  However,  documentation  of 
actual  leaks  is  limited.  During  the  1950s,  acid  leb'vo  from  the  chemical 
sewer  in  the  vicinity  of  Building  412  (Meetze  1953;  Vess,  1953).  A  portion  of 
the  chemical  sewer  line  north  of  Building  516  leaked  acetic  acid,  aldrin, 
caustic  soda,  dieldrin,  endrin,  and  xylene.  A  significant  sewer  leak  near 
Building  314,  the  laundry,  is  suspected,  because  tetracMoroethane ,  a  laundry 
cleaning  agent,  was  detected  in  nearby  groundwater  (SCC,  1979c}.  Other  leaks 
have  been  reported  to  have  occurred  near  Buildings  451  and  514  (SCC,  1979c). 

3.0  FIELD  lyVESIIgATIQN 
3.1  PREVIOUS  INVESTIGATIONS 

The  regional  soil  type  in  the  vicinity  of  South  Plants  is  of  the 
Ascalon-Vona-Truckcon  Association.  This  association  consists  of  loamy  and 
sandy  soils  formed  in  wind  laid  deposits  on  uplands  that  are  somewhat 
excessively  drained  to  well  drained  (Kolmer  &  Anderson,  1977/RlC  81295R07). 

Soil  contamination  studies  were  conducted  under  Tasks  1  and  14  for  the  eroved 
chemical  sewer  in  Sections  26,  35,  and  36  as  Sites  26-9,  35-2,  and  36-20, 
respectively  (ESE,  1987a;  ESE,  1987b).  Additionally,  Shell  Chemical  Company 
spills  in  the  South  Plants  area  were  investigated  under  Task  2,  Sites  1-13  and 
2-18  (Ebasco,  1987a).  Two  soil  investigations  were  continuing  during  the 
writing  of  this  report:  Task  24,  Army  Spills  (Ebasco,  I988d),  and  the  South 
Plants  Regional  Study  (Ebasco,  1988e).  These  studies  are  primarily  concerned 
with  surface  spills. 

Over  the  years,  investigations  of  the  chemical  sewer  system  have  teen  made 
primarily  to  assess  the  need  for  repairs  and  improvements  to  the  system. 
Studies  were  conducted  by  Parsons  and  Company  in  1953,  the  U.S.  Amy 
Environmental  Health  Laboratory  (USAEHL)  in  196C,  the  U.S.  Army  Environmental 
Hygiene  Agency  (USAEHA)  in  1965  and  1984,  and  Morrison-Knudsen  Engineers  (MKE) 
in  1986. 
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The  Parsons  study  evaluated  the  volume  of  waste  streams  generated  by  different 
facilities  on  RMA.  The  study  was  initiated  to  identify  the  most  economical 
way  to  reduce  the  possibility  of  groundwater  contamination  from  chemical 
wastes  (Parsons*  1955).  At  that  time  approximately  100  gpm  of  effluent  was 
being  discharged  into  Basin  A  by  Shell  Chemical  Company  in  the  South  Plants 
area.  The  effluent  was  primarily  cooling  water  from  shell-and-tube 
condensers.  This  water  was  not  circulated  through  the  normal  Der>'y  Lake 
cooling  system  to  ensure  that  any  possible  leakage  in  the  condensers  would  not 
enter  the  lakes. 

The  1960  report  by  the  USAEHL  evaluated  the  source,  volume,  and  composition  of 
the  industrial  wastes  generated  at  RMA.  At  the  time  of  the  report,  an  average 
of  131  gallons  per  minute  (gpm)  were  being  discharged  from  the  North  and  South 
Plants  complexes  to  Basin  F,  the  majority  of  which  originated  from  the  Shell 
complex.  Analyses  of  the  wastewaters  indicated  a  large  variance  in 
composition  and  strength,  which  was  attributed  to  the  batch  process  nature  of 
the  see  manufacturing  methods  (USAEHL,  1960). 

A  similar  study  was  completed  by  the  USAEHA  in  1965.  During  the  period 
February  8-21,  1965,  the  total  waste  flow  into  Basin  F  averaged  267  gpm, 

10.5  coming  from  Army  activities  (including  3  gpm  from  North  Plants)  and  the 
remaindei  coming  from  SCC  activities  (USAEHA,  1965).  The  flow  rate  was  just 
over  twice  that  found  in  the  1960  study.  Chemical  analyses  showed  the  waste 
stream  was  only  about  one  quarter  as  concentrated  as  in  the  1960  study. 

The  USAEHA  issued  a  report  in  198A  concerning  the  general  condition,  problems, 
and  recommendations  for  the  chemical  and  sanitary  collection  and  treatment 
systems  at  RMA.  At  the  time  of  the  study,  the  only  industrial  wastes 
discharged  to  the  chemical  sewer  were  laboratory  wastes  from  Buildings  313  and 
743  and  the  pesticide  shop  in  Building  742.  These  wastes  were  collected  and 
transported  through  force  mains  to  the  Building  556  holding  tank  and  then 
transported  to  Building  540,  where  they  were  treated  and  discharged  to  the 
sanitary  sewer.  No  recommendations  were  made  regarding  the  condition  or  use 
of  the  chemical  sewer  or  treatment  system  (USAEHA,  1984/RIC  86213R02). 
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Under  Phase  I  of  the  RMA  sewer  investigations!  Horrison-Knudsen  Engineers 
surveyed  the  physical  configuration  of  the  chemical  and  sanitary  sewers 
located  within  the  Shell  Chemical  Ccmpany’s  leasehold  in  South  Plants  (MKE, 
1986).  Pertinent  information  from  the  MKE  report  has  been  incorporated  into 
this  report. 

MKE  investigated  potential  contamination  from  the  sewers  at  RMA  prior  to  the 
Ebasco  studies.  As  part  of  their  study,  MKE  took  samples  from  seven  trenches 
along  the  chemical  sewer  in  the  South  Plants  area  and  from  one  trench  along  an 
abandoned  line  in  Section  35,  south  of  the  "Dry  Basin"  (Plate  CS-SF-1).  A 
schematic  drawing  showing  the  sampling  grid  and  the  boring  identifications 
used  during  the  drilling  program  is  presented  in  Figure  CS-SP-4.  The  trench 
locations  are  included  in  Plate  CS-SP-1. 

Preliminary  results  from  the  MKE  analyses  show  elevated  levels  of  process 
intermediates,  solvents,  pesticides,  halogenated  hydrocarbons,  arsenic,  and 
mercury.  The  analytical  results  are  described  below  briefly  and  are 
summarized  in  Tables  CS-SP-3  and  CS-SP-4  (HRO,  1987). 


Three  1  ft  samples  were  recovered  from  this  trench,  one  from  either  side  of 
the  exposed  pipe  and  one  from  underneath  the  pipe.  These  samples  contained 
elevated  levels  of  several  volatile  and  semivolatile  organic  compounds, 
including  chlorobenzene  (A.l  and  10  micrograms  per  gram,  ug/g),  carbon 
tetrachloride  (16  and  26  ug/g),  chloroform  (7.6  and  greater  than  25  ug/g), 
methylene  chloride  (9  and  16  ug/g),  tetrachloroethylene  (5.5  and  7.6  ug/g), 
and  toluene  (13  and  29  ug/g)  in  the  volatile  fraction.  The  semivolatile 
fraction  included  aldrin  (1,300  to  16,000  ug/g),  dieldrin  (27  ug/g),  isodrin 
(33  and  290  tig/g),  and  dibromochloropropane  (25  and  7,500  ug/g).  No 
analytical  data  are  available  for  12  of  the  26  semivolatile  target  compounds. 
Arsenic  and  mercury  were  also  detected  at  690  and  520  ug/g,  and  0.20  and  5.0 
ug/g,  respectively. 
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Source  ■  HRO,  1967 _ _ 
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Aberdeen  Proving  Ground,  Marylond  Mountoin  Arsenal.  Task  10 
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1  -  Ro  unknown  numbers  are  given  for  target  compounds  detected  by  volatile  organic  analysis  (VOA) 

2  -  Concentrations  are  order-of-magnitude  approximations 
*  -  Signifies  bulk  sample  due  to  inability  to  core  sample 
Source:  HRO,  1987 
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1  -  Ho  unknown  ntanbers  are  given  for  target  compounds  detected  by  volatile  organic  analysis  (VOA) 

2  -  Concentrations  are  order-of-magnltude  .ipproximations 
Source :  HRO ,  1987 
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2  -  Concentrations  are  order-of-magnitude  approximations 
*  -  Signifies  bulk  sample  due  to  inability  to  core  sample 
Source:  HRO,  1987 
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1  -  Ho  unknown  numbers  are  given  for  target  compounds  detected  by  volatile  organic  analysis  (VOA) 

2  -  Concentrations  are  order-ofnaagnitude  approximations 
*  -  Signifies  bulk  sample  due  to  inability  to  cote  sample 
Source:  HRO,  1987 
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1  -  Ro  unknown  numbers  are  given  for  target  compounds  detected  by  volatile  organic  analysis  (VOX) 

2  -  Concentrations  are  crder-of-magnltude  approximations 
Source:  HRO,  1987 


Several  nontarget  compounds  were  tentatively  Identified  as  hydrocarbons  and 
halogenated  hydrocarbons.  The  sample  from  directly  beneath  the  pipe  contained 
these  compounds  in  the  highest  concentrations.  The  siost  notable  compounds 
were  those  tentatively  identified  as  trimethyl  benzene  (99  ug/g,  equivalent  to 
parts  per  million,  ppm),  dichloropyridine  (1,000  ug/g),  trichloromethane  (1^0 
ug/g),  and  an  aliphatic  with  seven  carbons  (120  ug/g).  The  other  two  samples 
also  contained  compounds  tentatively  identified  as  ethylmethyl  benzene  (180 
ug/g),  dichloropyridine  (520  ug/g),  and  several  halogenated  hydrocarbons  at 
lower  concentrations  (39  ug/g  or  less). 

Trench  WKE-  3 

Two  samples  were  collected  from  this  trench.  Chloroform,  methylene  chloride, 
tetrachloroethylene,  and  toluene  were  found  in  both  samples  at  concentrations 
ranging  from  2  to  12  ug/g.  Boring  3  also  contained  m-xylene  and  o-  or 
p-xylene  at  3.7  and  A.O  ug/g,  respectively. 

Semivolatile  analyses  showed  elevated  levels  of  several  compounds,  most 
notably  aldrin,  which  was  present  in  both  samples  at  20,000  ug/g.  Other 
semivolatile  compounds  detected  were  dieldrin  (200  and  greater  than  10  ug/g), 
isodrin  (300  and  greater  than  10  ug/g),  dibromochloropropane  (100  ug/g), 
dichlorodiphenyltrichloroethane  (30  and  100  ug/g),  emd  supona  (50  ug/g). 
Arsenic  was  found  at  120  and  200  ug/g,  and  mercury  was  found  at  1.4  and 
1.5  ug/g. 

The  primary  nontarget  ccnnpound  noted  in  these  samples  was  tentatively 
identified  as  hexachlorobutadiene .  It  appeared  in  both  samples  at 
concentrations  ranging  from  84  to  460  ug/g.  Two  other  nontarget  compounds  of 
interest  were  tentatively  identified  as  dibromochloropropane  (50  ug/g)  and  a 
chlorinated  hydrocarbon  (120  ug/g). 

Trench  HKE  k 

IVo  samples  were  collected  from  this  trench;  one  from  beside  the  pipe  and  one 
from  tmdemeath  the  pipe.  In  general,  the  sample  from  under  the  pipe 
contained  more  target  compounds  at  much  higher  concentrations  than  the  sample 
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from  beside  the  pipe.  These  compounds  included  carbon  tetrachloride  (3.7  and 
300  ug/g),  chloroform  (100  ug/g),  methylene  chloride  (5.6  and  5.4  ug/g), 
tetrachloroethylene  (5.1  and  60  ug/g),  toluene  (greater  than  25  ug/g), 
m-xylene  (15  ug/g),  o-  and  p-xylene  (13  ug/g),  and  methyl isobutyl  ketone  (21 
ug/g).  The  semivolatile  fraction  contained  aldrin  both  beside  the  pipe  and 
under  the  pipe  at  2,000  and  20,000  ug/g,  respectively.  Arsenic  was  found  at 
330  and  290  ug/g,  and  mercury  was  found  at  1.4  and  2.1  ug/g. 

Nontarget  compounds  detected  at  the  highest  concentrations  in  these  samples 
included  those  tentatively  identified  as  dibromochloropropane  (46  and  830 
ug/g),  hexachlorobutadiene  (230  and  310  ug/g),  and  dicyclopentadiene  (130 
ug/g)< 

Irwclt  I1KL-6 

Three  samples  were  collected  from  Trench  MKE  6,  two  from  beside  the  pipe  and 
one  from  underneath  the  pipe.  Most  of  the  volatile  compounds  detected  were  in 
the  sample  directly  under  the  pipe.  These  compounds  included  chlorobenzene 
(2.4  ug/g),  chloroform  (12  ug/g),  bicycloheptadiene  (greater  than  25  ug/g), 
ethylbenzene  (6.6  ug/g),  tetrachloroethylene  (6.1,  greater  than  25,  and  4.1 
tig/g),  toluene  (4.0  and  greater  than  25  ug/g),  and  dimethyl  disulfide  (4.8 
ug/g).  The  semivolatile  fraction  contained  pesticides  and  halogenated 
hydrocarbons,  such  as  aldrin  (710,  11,000,  and  840  ug/g),  endrin  (11  and  2.0 
ug/g),  dieldrin  (6.4,  140,  and  2.9  ug/g),  isodrin  (26,  300,  and  27  ug/g), 
dicyclopentadiene  (1.6  ug/g),  and  dibromochloropropane  (33,  510,  and  19 
ug/g).  Arsenic  was  also  found  at  concentrations  ranging  from  470  to  510  ug/g, 
and  mercury  was  found  at  levels  ranging  from  1.0  to  3.5  ug/g. 

Nontarget  compounds  were  more  concentrated  in  the  sample  taken  from  beneath 
the  pipe.  Compounds  of  note  in  this  sample  included  those  tentatively 
identified  as  trimethyl  benzene  (270  ug/g),  chlordene  (95  ug/g), 
dichloropyridine  (72  and  150  «i^/g),  and  an  aliphatic  with  6  to  8  carbons  (210 
ug/g).  The  samples  taken  from  beside  the  pipe  contained  similar  compounds, 
although  at  much  lower  concentrations. 
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Trench  MKE  7 

Trench  MKE  7  yielded  eight  samples.  Methylene  chloride  was  detected  in  four 
of  the  samples  in  concentrations  ranging  from  2. A  to  12  ug/g.  No  semivolatile 
organic  compounds  were  detected  in  any  of  the  samples  analysed  for 
semivolatile  organics*  nor  was  mercury.  Arsenic  was  found  in  three  of  the 
samples*  and  ranged  in  concentration  from  18  to  21  ug/g. 

Analyses  of  the  samples  also  showed  the  presence  of  several  nontarget 
compounds*  including  those  tentatively  identified  as  phthalates,  alcohols, 
acids*  esters*  and  three  instances  of  a  substituted  alkene.  The  phthalates 
are  plasticizers,  which  are  ubiquitous  and  which  were  present  in  low 
concentrations,  the  maximum  being  8.9  ug/g.  Alcohols*  esters,  and 
hexadecanoic  acid  are  often  associated  with  naturally  occurring  compounds  and 
were  present  in  concentrations  of  up  to  36  ug/g.  The  three  substituted 
alkenes  were  present  in  concentrations  of  9.8,  0.5,  and  5.1  ug/g. 

Trench  MKE  19 

Three  samples  were  collected  from  Trench  MKE  19.  Methylene  chloride  was 
detected  in  all  three  of  the  samples  at  concentrations  ranging  from  2.7  to  4.1 
ug/g.  No  semivolatile  organic  compounds  were  detected.  Arsenic  was  found  at 
6.4,  11,  and  6.8  ug/g*  and  mercury  was  found  at  2.0*  25*  and  4.7  ug/g.  The 
highest  concentrations  of  both  arsenic  and  mercury  occurred  in  the  sample  from 
directly  under  the  pipe. 

The  primary  non target  compound  was  tentatively  identified  as  an  oxygen- 
substituted  alkene  and  was  present  at  2.3*  14*  18,  and  25  ug/g. 

Trench  MKE  20 

Three  samples  were  taken  from  this  trench.  Volatile  organic  analysis  showed 
Biethylene  chloride  in  all  three  samples  at  concentrations  ranging  from  2.3  to 
2.9  ug/g.  No  semivolatile  compounds  were  detected,  nor  was  arsenic.  Mercury 
was  detected  in  the  sample  frtxn  beneath  the  pipe  at  a  concentration  of  1.5 
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The  primary  nontarget  compound  was  found  in  all  three  samples  and  was 
tentatively  identified  as  an  oxygen-substituted  alkene.  This  compound  was 
present  at  3.1,  19 «  12,  and  18  ug/g. 

Trench  MKE  21 

Trench  MKE  21  yielded  six  samples  from  three  borings.  Three  of  these  samples 
contained  methylene  chloride  at  concentrations  of  2.6,  5.0,  and  8.0  txg/g.  No 
semivolatile  organic  compounds,  arsenic,  or  mercury  was  detected. 

Of  the  several  nontarget  compounds  detected  in  these  samples,  a  tentatively 
identified  oxygen-substituted  alkene  was  present  in  the  highest  concentrations 
(1  to  13  ug/g). 

Methylene  chloride  occurs  frequently  in  the  results  from  the  MKE  field 
program,  usually  at  concentrations  of  less  than  10  ug/g.  This  compound  is  a 
common  laboratory  solvent,  and  its  fairly  constant  concentration  in  the 
analytical  results  may  be  evidence  of  laboratory  background  contamination. 

During  the  sampling  program,  MKE  also  took  samples  from  trenches  and  manholes 
being  investigated  by  Ebasco.  Chemical  analyses  of  these  samples  showed 
elevated  levels  of  pesticides,  intermediates  and  metals.  The  analytical 
results  are  described  below  and  are  summarized  in  Table  CS-SP-5  (HRO,  1988). 

Manhole  H21 

Three  samples  were  collected  from  soil  underneath  Manhole  W21  at  depths  of  8.5 
ft,  10.5  ft,  and  15.5  ft.  The  8.5  ft  sample  was  only  analyzed  for  ICP  metals 
and  was  reported  to  contain  lead  within  it's  indicator  range  at  29  ppm. 
Chromitmi,  copper,  and  zinc  were  all  present  above  their  indicator  ranges  at 
concentrations  of  51  ppm,  37  ppm,  and  120  ppm,  respectively.  The  10.5  ft 
interval  contained  arsenic  above  its  indicator  range  at  a  concentration  of  U30 
ppm  and  the  15.5  ft  inteirval  contained  arsenic  within  its  indicator  range  at  3 
ppm.  Arsenic  was  the  only  analyte  reported  for  both  of  these  samples. 
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Manhole  W25 

Three  samples  were  collected  from  beneath  Manhole  W25.  The  holding  times  for 
the  volatile  analyses  were  exceeded  in  all  three  samples.  Although  results 
were  reported,  values  stay  be  lower  than  they  would  have  been  if  the  samples 
had  been  analyzed  within  the  recommended  holding  time.  Volatile  analyses 
showed  the  presence  of  seven  compounds  in  the  7.4  ft  and  10.0  ft  intervals. 
These  were  carbon  tetrachloride  (3.6  and  3.7  ug/g),  chloroform  (100  and  8.9 
ug/g),  bicycloheptadiene  (1.9  ug/g),  methylene  chloride  (7.6  and  3.7  ug/g), 
tetrachloroethylene  (3.1  ug/g),  toluene  (4.3  and  8.0  ug/g),  and  m-xylene  (5.4 
ug/g).  No  volatile  organic  compounds  were  found  in  the  14.5  ft  sample. 

Eight  semivolatile  organic  compounds  were  found  in  these  borings,  and  were 
identified  as  aldrin  (7000,  730,  and  340  ug/g),  dieldrin  (90,  7.6,  and  3.2 
ug/g),  isodrin  (200,  23,  and  11  ug/g),  dibromochloropropane  (6000  and  490 
ug/g),  dichlorodiphenylethane  (DDE)  (1.1  ug/g),  dichlorodiphenyl- 
trichloroeth£uie  (DDT)  (70,  20,  and  10  ug/g),  hexachlorocyclopentadiene  (60  and 
25  ug/g),  and  supona  (1.3  ug/g). 

Of  the  metals,  arsenic  was  detected  once  above  its  indicator  range  at  11  ug/g 
in  the  10.0  ft  interval.  Mercury  was  also  detected  once  above  its  indicator 
range  at  0.14  ug/g,  also  in  the  10.0  ft  interval.  ICF  metals  were  found  in 
all  three  samples  from  this  manhole.  Cadmium  was  detected  above  its  indicator 
range  at  4.2  ug/g  in  the  14.5  ft  interval.  Copper  was  found  within  its 
indicator  range  at  32  ug/g  in  the  10.0  ft  interval  and  above  its  indicator 
range  at  41  and  40  ug/g  in  the  7.4  ft  and  14.5  ft  intervals,  respectively. 

Lead  was  found  within  its  indicator  range  in  all  three  samples  at 
concentrations  of  28,  26,  and  32  ug/g.  Zinc  was  found  above  its  indicator 
range  in  all  three  samples  at  concentrations  of  93,  100,  and  100  ug/g. 

Manhole  W27 

Four  samples  were  collected  from  beneath  Manhole  W27.  Only  analyses  for  the 
ICF  metals  were  reported  for  the  7.0  ft  sample.  Copper,  lead  and  zinc  were 
all  found  above  their  indicator  ranges  at  concentrations  of  43,  49,  and  140 
ug/g,  respectively. 
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Results  for  the  arsenic  analysis  were  the  only  values  reported  for  the 
remaining  three  intervals »  8.5  ft,  9.2  ft,  and  14.0  ft.  Arsenic  was  below  the 
certified  reporting  limit  in  all  three  samples. 

Manhole  4-3 

Two  samples  were  collected  from  beneath  Manhole  4-3  at  depths  of  3.7  ft  and 
11.5  ft.  No  volatile  organic  compounds  were  found  in  either  sample,  although 
the  holding  time  for  both  samples  was  exceeded  at  the  laboratory.  The 
analysis  for  semivolatile  organic  compounds  showed  aldrin  at  1.0  ug/g  in  the 
3.7  ft  interval. 

No  metals  were  reported  for  the  3.7  ft  interval.  Arsenic  was  detected  within 
its  indicator  range  at  a  concentration  of  2.6  ug/g  in  the  11.5  ft  interval. 

Trench  CSQl 

Two  samples  were  collected  from  beneath  pipe  joints  in  this  trench,  one  at  4.1 
ft  and  one  at  4.0  ft.  No  volatile  organic  compounds  were  found  in  either 
sample.  Semivolat-* le  compounds  found  include  aldrin  at  1.63  ug/g  in  the  4.0 
ft  sample  and  dieldrin  at  3.96  ug/g  in  the  4.1  ft  interval  and  7.56  ug/g  in 
the  4.0  ft  interval. 

Mercury  was  found  above  its  indicator  range  in  both  samples  at  0.58  ug/g  (4.1 
ft  interval)  and  1.03  ug/g  (4.0  ft  interval).  Arsenic  was  found  above  its 
indicator  range  at  11.1  ug/g  (4.0  ft  interval).  Copper  and  lead  were  detected 
within  their  indicator  ranges  in  the  4.1  ft  interval  at  concentrations  of  31.7 
ug/g  and  29.4  ug/g,  respectively.  Zinc  was  found  above  its  indicator  range  in 
this  interval  at  a  concentration  of  508  ug/g.  Copper,  lead,  and  zinc  were  all 
detected  above  their  indicator  ranges  in  the  4.0  ft  interval  at  concentrations 
of  36.2  ug/g,  52.3  ug/g,  and  1100  ug/g,  respectively. 

3.2  FIELD  SURVEY 
3.2.1  Field  Program 

Using  the  methodology  presented  in  the  Task  10  Technical  Flan  (Ebasco, 
1987b/RIC  87336R30),  14  manholes  were  inspected  and  soil  samples  were 
collected  from  beneath  five  manholes  and  from  three  sewer  line  trenches. 

43 

Site  CS-SP 
0070U/0146A 
Rev.  9/14/88 


Samples  were  also  collected  from  eight  trenches  excavated  by  Morrison-Knudson 
Engineers.  These  Investigations  yielded  87  samples  for  chemical  analysis  and 
16  samples  for  physical  analysis.  Pressure  lines  were  not  hydrostatically 
tested  at  the  request  of  the  Facilities  Engineer.  Plate  CS-SP-1  shows  the 
locations  of  manholes  and  trenches  investigated  as  part  of  this  study. 

No  borehole  clearance  for  safety  purposes  was  conducted  along  the  sewer  line, 
as  there  was  no  likelihood  of  unexploded  ordnance,  buried  metals,  or  other 
buried  objects. 

Manholes  were  inspected  to  determine  the  condition  of  the  corbels,  rims, 
walls,  aprons,  and  channels  and  to  verify  the  positions  and  alignments  of 
lines.  Several  of  the  manholes  inspected  were  in  poor  condition,  with  damage 
that  included  deteriorated  aprons  and  channels,  gaps  at  inlet  and  outlet 
connections,  and  cracked  or  missing  bricks  and  mortar  in  the  corbels.  Table 
CS-SP-6  is  a  summary  of  the  observations. 

In  addition  to  the  manholes  in  the  South  Plants  area,  a  manhole  was  located  in 
the  southwestern  comer  of  Section  36.  The  manhole  is  of  brick  and  mortar 
construction  and  is  labeled  with  a  yellow  No.  1.  It  was  found  south  of  the 
southwestern  comer  of  the  lime  settling  basins  (Plate  CS-SP-1).  A  line  exits 
this  manhole  and  heads  northeast  to  a  concrete  ditch  where  it  emerges 
immediately  south  of  pit  No.  2.  This  manhole  appears  to  be  part  of  the 
original  30  inch  chemical  sewer  line,  which  emptied  into  the  lime  settling 
basins  (WR&SK,  19^3).  The  outlet  from  this  line  was  found  blocked  with  brick 
and  mortar. 

Borings  were  completed  beneath  Manholes  W21,  W25,  W27,  4-3,  and  6-1.  Samples 
were  collected  at  approximately  5  ft  intervals  from  the  bottom  of  the  manhole 
to  the  water  table.  The  apron  and  channel  of  Manholes  W21  and  W25  are  composed 
of  deteriorated  brick.  In  Manhole  W27,  the  corbel  appears  to  have  been 
repaired  or  replaced.  The  apron  is  concrete  and  lies  above  the  inlet  and 
outlet.  A  portion  has  been  broken  to  provide  access  to  the  pipes.  Borings  in 
Manholes  A-3  and  6-1  penetrated  0.3  to  1  ft  of  concrete  before  reaching  soil. 
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Dye  and  excavation  studies  were  performed  at  the  three  trench  sites:  CSOl, 
located  between  Manholes  V17  and  WIS;  CS02,  located  between  Manholes  W26  and 
W27;  and  CS03,  located  between  Haiiholes  12  and  13.  During  the  dye  study, 
segments  of  the  sewer  line  were  blocked  at  the  manholes  with  inflatable  plugs, 
and  were  filled  completely  with  a  solution  of  Rhodamine  B,  a  red  dye,  for  lU 
hours . 

Excavation  exposed  the  top  and  one  side  of  ten  joints  in  Trenches  CSOl  and 
CS03  and  nine  joints  in  Trench  CS02.  A  sample  grid  was  set  up  in  each  trench, 
which  consisted  of  samples  collected  from  beneath  the  pipe,  from  a  boring 
located  1  ft  from  the  pipe  drilled  to  the  water  table,  and  from  a  boring 
located  5  ft  from  the  pipe  drilled  to  a  depth  of  15  ft  below  the  pipe  or  to 
the  water  table.  The  grid  was  centered  on  the  joint  that  appeared  to  have 
leaked  the  most  dye.  Samples  for  physical  analyses  also  were  taken  from  the 
trenches  beneath  the  pipe  and  along  the  haunch  of  the  pipe.  The  distribution 
of  analytes  detected  within  or  above  their  indicator  levels  and  the  boring 
grid  locations  in  the  trenches  are  presented  in  Figures  CS-SP-6a  through  -61, 
Section  3.2.4  of  this  report. 

In  Trench  CSOl,  the  pipe  is  vitrified  clay,  6  inches  in  diameter  wit-h  3  ft 
sections  and  mortar  joints.  Dye  stains  were  noted  on  all  joints  (most 
notably.  Joint  6)  and  in  the  soil  along  the  pipe  between  Joints  3  and  5.  The 
sample  grid  was  set  up  on  Joint  6  (Figure  CS-SP-6b,  Section  3.2.4). 

Additional  samples  were  collected  at  Joints  3  and  10  where  yellow  stains  were 
observed.  A  composite  grab  sample  (Seunple  10)  of  the  yellow  material  was 
collected  from  along  the  top  of  the  pipe.  Physical  ramples  were  collected 
upstream  of  Joint  5. 

During  drilling  of  Boring  8,  a  sample  was  planned  for  the  13  to  14  ft 
interval,  as  measured  from  the  ground  surface.  The  sample  was  not  recovered 
because  the  polybutyrate  tube  became  stuck  in  the  barrel;  therefore,  a  sample 
was  taken  instead  from  the  14  to  15  ft  interval.  Boring  9  was  drilled  deeper 
than  planned,  to  the  water  table,  in  order  to  verify  the  water  level  observed 
in  Boring  8.  A  replacement  sample.  Boring  11,  was  collected  because  the 
holding  time  for  semivolatile  analyses  was  exceeded  at  the  laboratory  for 
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Boring  1.  The  replacement  aample  was  analyzed  only  for  semivolatile  organic 
compounds  and  thiodiglycol. 

The  section  of  sewer  line  exposed  in  Trench  CS02  is  10  inchtr  in  diameter  and 
is  made  of  vitrified  clay  in  3  ft  sections,  and  has  cement  mortar  joints. 

Only  nine  joints  and  eight  pipe  lengths  were  exposed  at  the  excavation  because 
of  imderground  pipes  and  a  concrete  foundation  uncovered  at  the  northern  end 
of  the  trench.  Dye  stains  were  noted  at  Joints  2,  3,  h,  5,  and  8  and  along 
the  lower  half  of  the  pipe  between  Joints  2  and  U.  The  pipe  segment  between 
Joints  3  and  4  had  two  longitudinal  cracks  through  which  dye  had  leaked.  It 
was  noted  that  prior  to  this  investigation  Joints  7,  8,  and  9  had  been  patched 
with  concrete.  As  a  result  of  these  observations,  a  sampling  grid  was  set  up 
around  Joint  3  (Figure  CS-SP-6c,  Section  3.2.4).  An  additional  sample  was 
collected  from  beneath  Joint  8  because  dye  had  leaked  from  the  concrete 
patch.  Physical  samples  were  collected  at  the  midpoint  of  the  section  between 
Joints  3  and  4. 

The  pipe  excavated  in  Trench  CS03  was  18  inch  vitrified  clay  pipe  with  cement 
mortar  joints.  Most  pipe  sections  showed  cracking  on  the  bells  and  some 
longitudinal  cracks.  Dye  stains  were  noted  on  all  joints,  and  Joint  6  showed 
the  most  extensive  staining.  Dye  also  leaked  from  a  longitudinal  crack  that 
ran  along  the  top  of  the  pipe  from  Joint  2  past  Joint  10,  and  from  two 
longitudinal  cracks  along  the  side  of  the  pipe  from  Joint  4  to  Joint  6.  Based 
on  these  observations,  a  sampling  grid  was  set  up  around  Joint  6  (Figure 
CS-SP-6d,  Section  3.2.4).  An  additional  sample  was  taken  from  above  the 
section  of  pipe  between  Joints  5  and  6,  and  physical  samples  were  taken  at 
Joint  5  and  upstream  of  Joint  10. 

Samples  were  also  collected  for  physical  and  chemical  analysis  from  the  eight 
MKE  trench  locations.  Samples  for  chemical  analysis  were  collected  from 
beneath  exposed  joints,  and  one  sample  for  physical  analysis  was  collected 
from  each  trench.  In  Trenches  MKE  2,  MKE  6,  MKE  7,  MKE  19,  and  MKE  20,  three 
joints  were  exposed  and  samples  were  collected  from  beneath  each  joint.  In 
Trench  MKE  4,  four  joints  were  exposed;  however,  a  sample  could  not  be 
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recovered  from  Joint  1.  Only  two  joints  were  exposed  in  Trench  MKE  21.  In 
Trench  MKE  3,  three  joints  were  exposed  and  there  was  no  recovery  at  Joint  2. 

The  South  Plants  chemical  sewer  system  was  investigated  during  the  winter  of 
1986-1987.  A  total  of  68  borings,  yielding  103  samples  for  chemical  or 
physical  analysis,  were  completed  in  the  South  Plants  chemical  sewer  as  shown 
in  Table  CS-SP-7. 

Samples  were  analysed  by  gas  chromotography/mass  spectrometry  (GC/MS)  for 
volatile  and  semivolatile  organic  compounds;  by  an  inductively  coupled  argon 
plasma  (ICP)  screen  for  metals;  and  by  separate  analysis  for  arsenic,  mercury, 
and  thiodlglycol .  Samples  from  directly  beneath  the  sewer  line  or  in  the 
first  interval  in  a  trench  were  not  analyzed  for  volatile  organics  because 
these  soils  were  in  contact  with  the  atmosphere.  Any  volatile  organics  would 
have  escaped  by  the  time  the  samples  were  collected.  Samples  from  MKE 
trenches  were  not  analyzed  for  volatile  organics  or  thiodiglycol ,  and  a 
separate  analysis  was  conducted  for  dibromochloropropane  in  samples  from 
Trenches  MKE  2,  3,  4,  and  6.  Appendix  CS-B  presents  the  specific  target 
analytes  for  which  laboratory  analyses  were  conducted.  Physical  samples  were 
analyzed  for  fluid  content,  density,  compaction,  and  grain  size  to  de  ermine 
if  the  pipe  had  been  properly  designed  and  installed. 

3.2.2  Field  Observations 

To  ensure  safety,  in  situ  air  monitoring  was  conducted  during  sampling 
operations  using  a  photoionization  detector  (HNU)  and  an  organic  vapor 
analyzer  (OVA).  HNU  readings  were  recorded  above  background  levels  in  37 
samples.  Elevated  OVA  readings  were  noted  in  21  samples.  These  readings  are 
presented  in  Table  CS-SP-8,  Section  3.2.4  of  this  report. 
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Table  CS-SP-7 

BORINGS.  DEPTHS,  AND  SAMPLES 


Page 

1  of  3 

Soring  No. 

Depth  From  Ground 
Surface  (ft) 

Depth  Beneath 

Sewer  Invert  (ft)  No. 

of  Samoles 

Manhole  N21 

28.0 

20.4 

5 

Manhole  N25 

27.2 

20.8 

5 

Manhole  W27 

27.2 

22.1 

5 

Manhole  4-3 

25.5 

17.6 

5 

Manhole  6-1 

30.0 

20.8 

4 

Trench  Boring  No. 

Depth  From  Ground  Depth  Beneath 

_ Surface  (ft) _  SeweiLJnverL(ftJ> 

No. 

CSOl  1 

5.0 

1.0 

^1 

(Bottom  2 

5.0 

1.0 

1 

of  Pipe  3 

5.0 

1.0 

1 

Depth  s  4 

5.0 

1.0 

1 

4.0  ft)  5 

5.0 

1.0 

1 

6 

5.0 

1.0 

1 

7 

5.0 

1.0 

1 

8 

16.0 

12.0 

3 

9 

23.0 

19.0 

5 

10'^ 

NA 

NA 

1 

11 

5.0 

1.0 

1 

12* 

5.0 

1.0 

2 

CS02  1 

8.8 

1.0 

1 

(Bottom  2 

8.8 

1.0 

1 

of  Pipe  3 

8.8 

1.0 

1 

Depth  m  4 

8.8 

1.0 

1 

7.8  ft)  5 

8.8 

1.0 

1 

6 

8.8 

1.0 

1 

7 

12.8 

5.0 

2 

8 

12.8 

5.0 

2 

9* 

8.8 

1.0 

2 

'*'grab  sample 
^physical  sample 
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Table  CS-SP-7  (Continued) 


Page  2  of  3 


Depth  from  Ground  Depth  Beneath 


Trench 

CS03 

Borine  No. 

Surface  (ft) 

Sewer  Invert  (ft) 

No.  of  Samples 

1 

12.5 

1.0 

1 

(Bottom 

2 

12.5 

1.0 

1 

of  Pipe 

3 

12.5 

1.0 

1 

Depth  » 

4 

12.5 

1.0 

1 

11.5  ft) 

5 

12.5 

1.0 

1 

6 

26.5 

15.0 

4 

7 

26.5 

15.0 

4 

8** 

10.8 

-0.7 

1 

9* 

11.8 

0.3 

1 

10* 

12.3 

0.8 

1 

11* 

11.5 

0.0 

1 

12* 

12.5 

1.0 

1 

HKE  2 

1 

6.8 

1.1 

1 

(Bottom 

2 

6.5 

0.7 

1 

of  Pipe 

3 

6.8 

1.2 

1 

Depth  « 

Physical* 

6.1 

0.3 

1 

5.8  ft) 

HKE  3 

1 

9.5 

0.9 

1 

(Bottom 

3 

9.9 

1.3 

1 

of  Pipe 

Physical* 

9.3 

0.7 

1 

Depth  a> 

8.6  ft) 

HKE  4 

2 

8.5 

0.9 

1 

(Bottom 

3 

8.5 

0.9 

1 

of  Pipe 

4 

7.9 

0.3 

1 

Depth  ■ 

Physical* 

8.0 

0.4 

1 

7.6  ft) 

*ph7sical  aample 

**  Sample  waa  taken  above  the  pipe  where  dye  was  noted. 
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Table  CS-SP-7  (Continued) 


Page  3  of  3 


Trench 

Borins  No. 

Depth  From  Ground 
Surface  (ft) 

Depth  Beneath 
Sewer  Invert  (ft) 

No.  of  Smnpl^R 

HKE  6 

1 

8.8 

0.5 

1 

(Bottom 

2 

9.2 

0.9 

1 

of  Pipe 

3 

9.2 

0.9 

1 

Depth  s 

Physical* 

8.5 

0.2 

1 

8.3  ft) 

HKE  7 

1 

6.4 

0.7 

1 

(Bottom 

2 

6.7 

1.0 

1 

of  Pipe 

3 

6.5 

0.8 

1 

Depth  s 

Physical* 

6.3 

0.6 

1 

5.7  ft) 

HKE  19 

1 

4.4 

0.9 

1 

(Bottom 

2 

4.6 

1.1 

1 

of  Pipe 

3 

4.2 

0.7 

1 

Depth  s 

Physical* 

4.2 

0.7 

1 

3.5  ft) 

HKE  20 

1 

4.8 

0.7 

1 

(Bottom 

2 

4.5 

0.4 

1 

of  Pipe 

3 

5.0 

0.9 

1 

Depth  m 

Physical* 

4.5 

0.4 

1 

4.1) 

HKE  21 

1 

9.0 

1.1 

1 

(Bottom 

2 

9.0 

1.1 

1 

of  Pipe 
Depth  m 

7.9  ft) 

Physical* 

8.3 

0.4 

1 

*physical  aanple 
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An  N18A2  test  kit  was  used  to  monitor  for  the  presence  of  chemical  agents  in 
the  borehole  and  samples  according  to  standard  operating  procedures.  The 
M18A2  is  used  as  a  backup  test  if  an  MS  alarm  is  trlggeredt  as  a  substitute 
for  an  NS,  and  as  a  specific  check  for  the  presence  of  siustard.  The  M18A2 
detects  G  agents,  V  agents,  all  forms  of  snistard,  and  lewisite.  Specifically 
at  RHA,  the  N1SA2  test  kit  is  used  to  detect  6B  (sarin),  VX,  H  (smstard),  HD 
(distilled  mustard),  and  L  (lewisite),  based  upon  the  knowledge  that  these 
agents  were  manufactured,  stored,  or  demilitarized  at  the  site.  The  detection 

3 

limit  for  all  mustard  agents  is  0.5  milligrams  per  cubic  meter  (mg/ra  );  the 

3 

detection  limit  for  all  G  agents,  VX,  and  L  is  0.2  mg/m  . 

No  chemical  agents  were  detected  during  the  field  program  by  the  M18A2 
monitoring.  No  unexploded  ordnance,  buried  metal,  or  other  objects  were 
detected  during  sampling. 

3.2.3  Geophysical  Exploration 

No  geophysical  exploration  of  the  South  Plants  chemical  sewer  system  was 
conducted  as  unexploded  ordnance,  buried  metal,  or  other  buried  objects  were 
not  likely  to  be  present. 

3.2.4  Analyte  Levels  and  Distribution 

A  wide  range  of  target  and  nontarget  analytes  were  detected  in  samples  from 
along  the  chemical  sewer  in  South  Plants.  The  number  of  samples  containing 
each  analyte,  and  the  concentration  range,  mean,  median,  standard  deviation, 
detection  limit,  and  indicator  level  are  listed  in  Table  CS-SP-8.  The  results 
of  geologic  field  observations,  air  monitoring  during  drilling,  and  the 
chonical  analysis  of  each  soil  sample  are  summarized  in  Table  CS-SP-9. 

Results  from  the  analyses  of  the  physical  samples  for  fluid  content,  dry 
density,  compacted  fluid  content  and  compacted  dry  density  are  presented  in 
Table  CS-SP-10.  Grain  size  distributions  as  determined  fr<Mn  the  physical 
samples  are  presented  in  Figures  CS-SP-5a-p.  The  distribution  of  the  analytes 
detected  within  or  above  their  indicator  levels  in  the  field  program  is 
presented  in  Figures  CS-SP-6a-l.  A  tabulation  of  all  analytical  data 
associated  with  the  field  program  is  presented  in  Appendix  CS-B. 


Site  CS-SP 
0070U/0146A 
Rev.  9/14/88 


52 


Tabla  CS-8P-t«  SoaaMry  of  Analytical  Roaulta  tor  Chmleal  Savora  -  South  Plants 
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BDL  -  Below  detection  Halt 
HA  -  Not  analyxed 

*  -  Exceeded  laboratory  holding  tiae 
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■DL  -  Bolob  detection  linit 
BKO  -  Background 
BB  -  Mot  recorded 

8  -  Aa  referenced  to  calibration  atandard  of  nethane  for  OVA,  and  benzene  for  HHU>  reading  has  been  adjusted  to  account  for  background  level 
VO  -  As  deternined  by  visual  observation  and  rounded  to  the  nearest  5  percent 
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Below  detection  Unit 

Beckqround 

Hot  recorded 

As  referenced  to  callbretion  atandard  of  nethane  for  OVA,  and  benaene  for  HNUi  reading  haa  been  adjuated  to  account  for  background  level 
Aa  deterntned  by  visual  observation  and  rounded  to  the  nearest  5  percent 
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BA  -  Not  enelyied 
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BDL  -  Bolow  dotoctlon  Halt 
HA  -  Hot  analytod 
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I3DMB  -  m- Xylene 


Sompiing  • 
Intervol 
(ft) 
btlow 
ground 
■urfoco 


I  TCLEE  0.5^->Ltv»l(ug>^) 


Direction  of  Flow 


Prepared  for: 

Program  Manoger's  Office  for 
Rocky  Mountain  Arsenal  Cleanup 
Aberdeen  Praving  Graund,  Moryland 


*  Boring  I  redrilled  os  Boring  II 


PI6URE  CS-SP-6b 

Analytes  Defected  Within  or 

Above  Indicator  Levels 

Dye /Excavation  Study,  Trench  CSOI,  Sec.  I 

Rocky  Mountain  Arsenal,  Task  10 
Prepared  by  '  Ebasco  Services  Incorporated 


Drafted'  7/27/87 


-CONCRETE  SLAB 


PROCESS  WATER 
LINE 


VITRIFIED  CLAY 
PIPE 

JoMt  7,l  A  9  Ml  vltlblt, 
■WMr  to  9*  r*»«ir«4  wllh 
CMcrat* 


BOTTOM  OF  TRENCH- 
approximate  7.5  ft. 

T.e-e.e  khao  so 
CCI  4  100 

CHCI  t  90 

oacp  sooteooool 

IS0M9  3 
TCLEE  30 
NEC!,M,  200 
AMriii  20000 
At  31 

Ce  L3 

Cu  32 

Hg  0.48 

Z*  99 


OitllMl  KelrliM  frtclurtt 
altk  4yt  tltitltg  aggrot.. 
hallway  4owa  lha  pipa 

7.9-A9  9CHP0  20  N 

CCI  4  90 

Cl  Ca»%  20 

CHCI  a  40 

oacp  7000/1000 
aOMi  3 
TCLEE  20 

ME^  200 
Aldria  800 
OlaMrm  80 

Cl  800 

It^la  70 

Aa  90 

«  9^ 


JOINTS 


7.9- BB 

srs® 

f 

CHCI  . 

3 

??ESe 

20|/«000 

MECBMS 

0.7 

PPOOT 

800 

Aldrin 

20000 

DitHrla 

200 

iMdrin 

400 

At 

10 

Ca 

84 

Hg 

1.3 

Pb 

ei 

Zn 

90 

7.9-8.9  ICHPO  10 
CCI  4  40 

CHCI  a  20 
D9CP  4000/10000 
TCLEE  • 
MECeHS  30 
AMrin  3000 

,  HP  0.48 

_  Pb  89 


80— 


7  9.9.8 


JOINT  I 


B.9A  D6CP  IIL/Oa 
AI4r  in  3 
Cu  28 

Zn  97 


BCHPD  6 

ca  4  10 

CHCI  a  2 

OBCP  80/BII. 

DCPD  2/BX. 

TCLEE  4 

MECaH,  0.4 
AMrin  20000 

Itedrin  400 

At  II 

Cu  28 

Hg  0.64 


CCM 

CHCli 

Cl  Cpl^ 

OBCP 

OCPO 

l30hlB 

TCLEE 

MECaHe 

PPDDT 

Aldrin 

Dititfrin 

Cl  aCP 

Itodrin 

SupoiM 

ft: 


7.9-89  BCHPD 
CCI  4 
CHCI  a 
DBCP 
I3DMB 
TCLEE 
MECaHa 
Aldrin 
Dialdrin 
Cl  eCP 
Itodrin 
At 

Hg 


Legend  j  i 

Boring  Location  ond  Number 

Phyficol  Sample 

Dye  Location 

Concrete 

Direction  of  Flow 


BCHPD 

CCI  4 

CiCaHa 

CHCI  a 

DBCP 

I3DIIB 

TCLEE 

MECaH 

Aldrin 

Itodrin 

Hg 


2 

70 

200 

4 

80 

000/200 

I 

10 

300 

1000 

40 

0087 


Trench 


/  11.9-12.9  Btnitnt  8  I 

r  CCI  4  200 

Cl  C^a  4 

CHCI  a  40 

DBCP  2000/20000 
ETCaHa  3 

I3DMB  10 

TCLEE  90  Sampling  - 

MECgHp  60  Inttrwl 

xylant  9  (ft) 

Aldrin  40000  btlon 

Itodrin  1000  ground 

Cu  29  turfoct 

Hg  0.29 

Zn  74 

BIL  -  Below  Indicator  Level 
ETCA  -  Ethylbenzene 
BCHPD- Bicycloheptadiene 
CCI  4  -Carbon  Tetrachloride 
Cl  CeHe. Chlorobenzene 
CHCI  3-  Chloroform 

DBCP  -  Dibromochloropropone(VO/SVO) 
DCPC  -  Dicyclopentadiene  (VO/SVO) 
I3DMB  -  m-Xylene 
TCLEE-  Tetrachloroethene 
MECgHe- Toluene  r 

Xylene-  0-a-P- Xylene  i 

ClaCP-  HexochlorDcyolopentadiene 
PPDDT-  Dichlorodiphenyltrichloroethane 


9 

20 

3 

2 

SOOO/BIL 

BIL/8 

2 

10 
80 

2 

1000 

70 

100 

200 

2 

12 

24  _ 


30 

60 

20 

SOOO/AIL 

0.9 

10 

90 

200 

8 

80 

20 

12 

0.44 


^rAnalyt* 

w7.t-8.B  BCHPD  ^9 

— ’r-y 

Ltvtl  (ug/g) 


Prepared  for: 

Progrom  Monoger's  Office  for 
Rocky  Mountain  Arsenal  Cleanup 
Aberdeen  Proving  Groundi  Moryiond 


FIGURE  CS-SP-Gc 

Anolytee  Detected  Within  or 
Above  Indicotor  Levels 
Dye/Excovotion  S  tudy, Trench  Sec.  I 

Rocky  Mountain  Arsenal,  Task  lO 

Prepared  by:  Ebasco  Services  Incorporated 


Prof  ted  I  7/27/87 


PROCESS  WATER 
LINE 

8  ft.  from  surface 


BOTTOM  OF 
TRENCH  - 

approximate  II  ft. 


II  5-  12  5 


TCLEE 

Pb 

Zn 


3 

3000 

0.066 

640 

62 


1.5-12.5 


CCI  4  9 

TCLEE  3 
Cl  eCP  4000 
Hg  0.093 

Pb  150 

Zn  72 


18  Vitrified 
Cloy  Pipe 


lO.SjAs  3.6 


18  Vitrified 
Clay  Pipe 


8^  ^ 


Joint  10 


Cl  gCP 

300 

Cu 

21 

Zn 

73 

II.5-I2.5  As  3.4 
Cu  38 
_ Zn  100 


■-^5 -12.5 

Hg 

0.2< 

16.5-16.5 

Cu 

34 

Zn 

92 

20.5-21.5 

Cu 

33 

Zn 

78 

25.5-26.5 

Cu 

46 

Zn 

75 

ii.5'-'i2~ri 

Cu 

28 

Zn 

72 

15.5-  16.5 

A$ 

3.5 

Cu 

33 

1 

89 

20.5-21.5 

AS 

7.1 

Cu 

33 

Zn 

77 

.^.5-26.5 

Cu 

28 

Zn 

96 

Legend 

®  Boring  Location 
and  Number 


12 


Physical  Sample  V 
Dye  Location 
Trench 

Cracks  and  Hairline  Fracture 
Direction  of  Flow 


Sompling-^ 

Ipttrvol 

)(ft) 
bvlow 
ground 
surf 000 

l,2DCLE 

ecu  • 

CHCI3  ■ 
TCLEE 
CleCP  • 


I  TCLEE  S^r-L»»«l  (ugjfi) 


1,2  Dichloroethane 
Carbon  Tetrachloride 
Chloroform 
Tetrochloroethene 
Hexachlorocyclopentodiene 


1,2  DCLE 

40 

CCI  4 

3 

CHCI  3 

2 

TCLEE 

10 

Dieldrin 

1 

Cl  eCP 

2000 

As 

3. 

Cu 

26 

Hg 

0 

Zn 

83 

-  N  - 


Prepared  for: 

Program  Manager's  Office  for 
Rocky  Mountain  Arsenal  Cleanup 
Aberdeen  Proving  Ground,  Maryland 


FIGURE  CS“SP-6d 
Analytes  Detected  Within  or 
Above  Indicator  Levels 
Dye  /  Excovotion  Study,Trench  CS03,  Sec.  2 
Rocky  Mountoin  Arsenal,  Task  10 

Prepared  by  -  Ebasco  Services  Incorporated 


Prof  ted  ^  7/30/87 


Prepared  for* 

Program  Manager's  Office  for  . 
Rocky  Mountain  Arsenal  Cleanup 
Aberdeen  Proving  G rounds  Maryland 
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Above  Indicotor  Levels 
Trench  MKE  2,  Sec.  I 
Rocky  Mountain  Arsenal,  Task  10 

Prepared  by '  Ebasco  Services  Incorporated 


Drofted!  7/28/87 


JOINT  3 


Top  portion  of  bell  broken, 
crocke  extend  the  length  of 
pipe  to  Joint  2, this  segment 
of  pipe  is  loose 


Top  portion  of  bell  broken, 
crock  in  bell  extends  to 
Joint  I 


JOINT  I 

Top  portion  of  bell  broken, 
cracks  in  retnoining  bell 


BOTTOM  OF  TRENCH 
approximate  8.5  ft. 


1  8.7-95 

PPDDE 

PPDDT 

Aldrm 

Atrazine 

4 

30 

100 

4 

Dieldrin 

100 

Isodrin 

30 

f 

Supona 

4 

DBCP 

95/70 

As 

150 

Cd 

3.1 

Hfl _ 

0.58 

1 

-10  Vitrified  Cloy  Pipe 


Horizontal  crack  on  bell 
extends  into  soil 


_ Legend  j  j  | 

I  ^  A  * 

0  Boring  Location  ond  Number  I  V  I 


Physical  Sample  PPDDE  -  Oichlorodiphenylethone 

PPDDT  -  Dichlorodiphenyltrichloroethene 

Joint  Sealant,  Cement  Mortar  OBCP  -  Dibromochloropropone 

(separote  onalysis/semivolatile) 


Crock  or  Hairline  Fracture 

Trench 

Direction  of  FI 


PPDOC  60<^Ltvel(uajb) 
latprvQl  ' 


-N  - 


0  2 
FEET 


Pre pored  for: 

FIGURE  CS-SP-6f 

Anolytts  Detected  Within  or 

Program  Managers  Office  for 

Above  Indicator  Levels 

Rocky  Mountain  Arsenof  Cleonup 

Trench  MKE  3,  Sec.l 

Aberdeen  Proving  Ground,  Maryland 

Rocky  Mountain  Arsenal,  Tosk  10 

Prepared  by  Ebasco  Services  Incorporated 

Droftedi  7/27/87 

jJT 


JOINT 
Major  cracks  on  bell, 
pieces  of  bell  loose 


BOTTOM  OF  TRENCH 
opproximotely  7.4  ft. 


JOINT  2 

Cement  joint  sealant  missing, 
crack  extends  length  of  pipe 


JOINT  4 


7.6-7.9 


PPDDT 

30 

Aldrin 

20 

Dieldrin 

2 

ClfiCP 

30 

Isodrin 

1 

DBCP 

60/50 

As 

170 

Cd 

6.6 

Cu 

32 

Hg 

2.2 

Zn 

72 

PPDDE 

2 

PPDDT 

40 

Aldrin 

20 

Dieldrin 

3 

Isodrin 

2 

Supona 

2 

DBCP 

70/21 

At 

ISO 

Cd 

7.7 

Ou 

42 

Hg 

0.3< 

Zn 

100 

12  Vit.  if  led 
Cloy  Pipe 


7.7-8. 2 

PPDDE 

-7' 

0.8 

PPDDT 

10 

Dieldrin 

30 

CIgCP 

20 

Isodrin 

40 

Supona 

20 

DBCP 

540/200 

As 

120 

Cd 

5.3 

Cu 

36 

Hg 

.092 

Zr, 

90 

© 


Legend 

Boring  Location  and  Number 
Physical  Sample 

PPDDE  -  Dichlorodiphenylethane 

Joint  Sealant, Cement  Mortar  PPDDT  -  Diehlorodiphenylfrichloroef hone 


© 


Cracks  or  Hoirline  Fractures 


T  rench 


DBCP  -  Dibromochloropropane 

(separate  onalysis/semivolatile) 

CleCP  -  Hexochloroeyclopentodiene 

Anolyte 


I 


-  N  - 


Direction  of  Flow 


Samplirg  . 
Intprvot 
(♦t) 
bPlow 
ground 
•vrfoc* 


7. 7 -8.2 


PPDDE  2  Levei(ug/^) 


FEET 


Prepared  for' 

Progrom  Manager's  Office  for 
Rocky  Mountoin  Arsenal  Cleanup 

Aberdeen  Proving  Ground,  Morylond 

Drafted  8/4/87 


FIGURE  CS-SP-6g 
Analytes  Detected  Within  or 
Above  Indicotor  Levels 
Trench  MKE  4,  Sec.  1 
Rocky  Mountain  Arsenal,  Tosk  10 

Prepared  by  Ebasco  Services  Incorporated 


i 


101 


8.6  -9.2 

Aldrin 

600  /  \  ^ 

Dieldrin 

10  /  '  'A  \ 

Isodrin 

^  1  /^\  \ 

DBCP 

55/50  \  \  \ 

As 

250  /  \  \ 

Cd 

6.3  /  \ 

Cu 

43  \  1  ^  r 

Hg 

'•®  \  '  3V^ 

Zn 

190  \  0ir 

JOINT  3 


8.2  -9.2 


Dieldrin 

Isodrin 


440/300 


HH04 


W21 


Crack  or  Hairline  Fracture 


Prepared  for* 

FIGURE  CS-SP-6h 

Program  Manager's  Office  for 

Analytes  Detected  Within  or 

Above  Indicator  Levels 

Rocky  Mountain  Arsenal  Cleanup 

Trench  MKE  6,  Sec.  1 

Aberdeen  Proving  Ground,  Maryland 

Rocky  Mountain  Arsenol,  Task  10 

Drafted:  7/28/87 

Prepared  by'Ebasco  Services  Incorporated 

(NORTH  OF 
3-2) 


5.8 -6.5  I  BIL 


JOINT  3 

Somt  tnorlar  missing 
from  Joint 


JOINT  2 


Mortar  around  Joint  shows 
some  cracking 


JOINT  I 

Some  mortar  missing 
from  Joint 


Legend 

Boring  Location 
and  Number 


5.7-6.7  1  BIL 


12  Vitrified 
Cloy  Pipe 
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Indicator  levels  and  ranges  were  established  to  assess  the  significance  of 
BWtal  and  organic  analytical  values.  The  indicator  levels  are  the  method 
detection  limits  for  organic  compotjnds.  The  indicator  ranges  for  metals 
reflect  the  concentrations  expected  to  occur  naturally  in  RMA  alluvial  soils. 
Selection  of  these  ranges  is  discussed  in  the  Introduction  to  the 
Contamination  Assessment  Reports  (ESE,  1986b). 

In  addition,  numerous  compounds  were  detected  by  GC/MS  that  were  not  included 
in  the  target  compound  list  and  that  were  not  conclusively  identified.  Table 
CS-SP-11  lists  the  boring  number,  sample  interval  depth,  relative  retention 
time  (shown  as  "tmknown  number"  on  the  table),  concentration,  sample  number, 
lot,  and  best-fit  identification  for  these  nontarget  compounds.  It  should  be 
noted  that  an  Individual  compound  may  have  more  than  one  retention  time,  and 
also  that  a  particular  retention  time  may  be  assigned  to  more  than  one 
compound.  Therefore,  Table  CS-SP-11  provides  only  a  general  indication  of 
additional  compounds  that  may  be  present. 

Described  below  are  the  levels  and  distribution  of  target  and  nontarget 
analytes  detected  at  each  location  investigated  along  the  sewer  line.  These 
locations  are  identified  on  Plate  CS-SP-1. 

Manhole  W21 

In  Manhole  W21  (Figure  CS-SP-6a),  18  volatile  and  seroivolatile  compounds  and 
all  of  the  metals  except  mercury  were  above  indicator  level  in  at  least  one 
sample.  In  general,  concentrations  of  volatile  compounds  and  several  metals 
decrease  with  depth.  The  highest  concentrations  of  semivolatile  compounds 
were  detected  in  the  17.0  to  18.0  ft  interval. 

Volatile  compounds  detected  include:  benzene  (1  ug/g),  bicycloheptadiene 
(0.7-2  ug/g),  carbon  tetrachloride  (O.A-5  ug/g),  chloroform  (0.8-20  ug/g), 
chlorobenzene  (2  and  5  ug/g),  dibromochloropropane  (6-800  ug/g),  m-xylene  (1 
and  20  ug/g),  methylene  chloride  (3  ug/g),  methylisobutyl  ketone  (5  ug/g),  o- 
and  p-xylene  (20  ug/g),  tetrachloroethylene  (0.7-9  ug/g),  and  toluene  (0.5-20 
ug/g).  The  following  semivolatile  compounds  were  detected:  aldrin  (10-100 
ug/g),  dibroBiochloropropane  (0.6  and  0.5  ug/g),  dieldrin  (0.8  and  1  ug/g), 
isodrin  (1  and  10  ug/g),  parathion  (30  ug/g),  and  supona  (3  and  6  ug/g). 
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e  e  e  e 
o  e  e  o 
e  o  o  e 


e  CM  01 
e  e  K 
m  in  e 


i 


ad 

I 


I  t  f  I  i  < 

P  e  • 

XAHke*  diir«> 

5  -ae  A  P 

»  e  A 
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No  positive  identification 
Derived  from  natural  products 
Greater  than 
None  detected 

Values  reported  are  blank  corrected 
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Ho  poaltlve  Identification 
Derived  froe  natural  products 
Suspected  laboratory  contaalnant 
None  detected 

Values  reported  are  blank  corrected 


<  a  <  u 


m  >1  p 


6  O  >« 

u  «n  m  M 

o  r«>  • 

^  a  a  ^  js 

a  ^  t  ^ 

a  ‘H  o  o  >« 

^  9  «  c  a 

k4  e  9  •»  4j 

4J  e  •<*«  o  tH  « 

I  5  M  •  O  I 

«»  O  «  9  X  M 

«  e  e  4  p  <- 

«  j«  «  0  • 

«  C  >«  O  ^ 

r«  9  O  O  4  a 


1  ^ 

O  I 

I  C  <*4  V 

•  «0  4 

^  4  0  *9 

^  e  M 

>«-^  I  ■ 

I  as  ^4 

i  *i  n  c 

•  •  4  >«  4 

.  m  ^  ^  C  M 

,  I  w  >.4  O  C 

4  W  «4  >t  W  IM  4 

Ai  I  I  ^  a 

I  o  o 

e  k<  I  e  « 

!  4  O  C  4  >« 

i  c  e  >«  o. 

>  4  a  M  4  a  o 

I  a  O  4  Hi  w 

I  0  1-^  0  4  0. 

I  M  ^  U  H  i  iM 

»  o,-^  **  a  HI'  *0 


4  It* 

C  ^  i-K  i  u 

•^4  O  I 

ht  *i  e  4  u 

O  4  •«  I  4 

^4  ■  ^  «tJ  *» 

a  4  0  0  4 

4  0  9  ^  C  4 

e  4 

■H  m  ti  at  ^ 

m  4  4j  4  •»• 

4aU4>4  4^V 

e4^4  4w<-iiMO-^ 

4  ^  I  a  o 

M»04i4>«H44 

e  a  I  1^4^ 

4  CO«<'Ol^**«t  ^ 
aO'*4awi  ci-^ 
oa«aoc4  o 

mm4  .m*^C4->4 
04eeaN4*N^ 
p^u4>u4aa4 
a0440i-HO-^c 
UU9e«HU44 
•H<oaa^44  a4  K 
H  ><  I  C  I  0  4 

4.)  a  9  c<*  Ok  £ 


C  4  >« 

4  o  a 

H  o 
e  h<  4 

4  ^  I 

a  >«  z 
o  a  I  4 
u  OP 
O  C  M 

I  o  t 
a  o  *14  4 

u  p  a  2; 

a  u  ^ 
w  e  I 


aaoaoaQo 

iMMMNMMMM 

laaaaaaaa 


M  X  S  Z  X  z 

N  M  M  N  H  M 

a  a  a  a  a  a 


>4^4t4»9t4^4>4«4t 

loooeeeoo 

>09000000 


^^•0«sr4M0 


o  r^  ^  > 

r-  r**  O  . 
«>  m  lO  o  < 


a  4  O 

O  a  4 

a  4  *0  4J 

S4  h«  4  H 

^  a  44  0 

>14  e  o  a 

I  44  *0  4  4  4 

I  4  o  a  H 

>  *0  a  c  4 

I  4  U  Q  *0  4 

>>40  4 

>  fit  49 
r  H  4  »  e  ^ 

>4  9  0  0  4 

•  a  a  a  z  > 


aa4<K«  44(s> 

•«•  4 

a  ^  a 
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No  positive  identification 
Plasticizer 
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Derived  fron  natural  products 
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T 


«  4>| 
A 


«  “ 


§ 
U 


s*- 

«<«  U 

U 


>  «  ‘Q 

C  M  ^  -H 

o  e  o  u 
^  ^  o 

3  U  (J 

CB  ^  PH  -eif 

^  m  o 
>«  &  *•< 

®  "  *8 


hp  >1 


9  4 

«  G 
4J  O 
«  6 


«  *t 

« 

e 


>«  >« 
AJ  M 
3  3 
^  A 

••d 

«  -o 

*0  *0 

u  u 

«  « 

o  o 
o  o 

•O  "O 

4»  « 

c  e 


•  •o 
o 

>« 

4J  >1 
O 

o 


>g  e  -Pd  M  ^ 

A  -H  <0  18  ^  < 

^  G 

tt  m  «  ^  e  •n 

«  t3  >«  «  ^ 


o  I  p-  pH  -*4 


u  u 
«  1 
ID  4r  • 

a  <*» 

M  —  . 
it  I 
JG  tH 


S  U  .4 
e4  M  M 

a  A  OD 


o  « 

•  £ 
O  M 

o  « 

«pd 


m  un  9  VO  NP 

o  o  e  e  o 

o  o  o  e  e 


«o  «o 
o  o 
e  e 


«n  «n 

o  e 


K  u  o  o  o  o 


I  -vd  O  O  G 

d  fcd  4  (w  O 

dJ  pH  .O 
t  •Pd  O  3 
e  •Pd  «  pH 
:  «  O  pH  ^ 

I  C  -pH  as  Qi 

t  «  *0  iS  o 

I  O,  4)  ^  kd 

I  o  e  tt  a 

)  w  4  i  •*« 

I  a  M  ^  V 

it  » 

X  « 


e4  aj  p^  e4  *4  aj 

M  C4  M  M  t4  M 

A  A  A  A  A  A 


«0  «0  VO  VO 

o  o  o  e 
o  e  o  o 


rt  ^  9  9 

^  ^  ^  vn 

VO  VO  VO  VO 


o 

A 

U 


dJ  tJ  *0 

£  -Pd  .pd 

a  U  O  pH 
4  4  0 
U  £ 

4  0  0  0 
^  ^  ^  U 
O  O  O  *H 

4  C  6  4 
4  4  4 

.H  O  U  ^  C 

>d  4  4  >«  4 

dd  <0  *0  he  pH 

3  4  4  4  4 

X)  M  K  4  3 

>Pd  4  4  O* 

•O  £  ^  4  4 


K  .4  aJ  .4  iJ  .4 
ed  ra  Nf  f4  N  t4 
A  A  A  A  A  A 


fM  ^  r»  f«.  ra 

o  o  e  o  o  o 
o  o  o  o  o  o 


4  4 

W  4 
I  p-a  pH 


O  I  *t 

kd  rd  •<H 

o  t  e 
pH  e  4 
£  -Pd  c 
O  N  4 
t  4  O. 
«  -.H  o 


•pd  ..p  dd  0. 


r* 

o  o  o 
o  o  o 


^  VO  Ov  ^  m 

e  e  e  e  o 


^  ov  e  VO  e 
O  pH  m  lA 

VO  VO  VO  VO  VO 


VO  m 
r»^  PH 

m  ^  lo 


? 

AJ 

O 

4 


• .  eJ  . 

<uaa.p«j  "55 

A  ^  A 
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Ho  positive  identification 
Plasticiser 

Derived  froa  natural  products 


I 


1 


o 


s 


I 

ss 

I 

8 

« 

2 

j! 


I  *»' 
•  1 


C 

V  — 

V 


M  ** 


m  u 

•  o 
e 

•P4  X 

u  u 

Q  « 

^  M 

€5 

m  O 


e 

O  ^ 
•H  m 
js  e 
o  -H 

m  O 


A> 

m 


s 


I  . 


*> 

2 


I 


s  o  e 


_.r2 

O  O  u 

^  a  « 
II  V  S 

O  V  U 
0  9  <Q 
hi  *0  >1 


fc«  (I  C  O 

^  &IS  8. 

-2  T)  8  ^ 

Jj  41  u  # 

8  91  <0  O' 

O  >««  X  •«< 

krf  krf  M 

«  xi  ii 


e  o  e  o  e  o  e 

o  >«  Q  >»  Q  >«  9 

^  «N  j5  ^  2  ^ 

M  O  u  O  M  Q  h4 

«  Oi  «  o,  «  a  fl 

8  <p  8  *0  8  ^  o 

W  •  kl  «  U  O  k4 

H3  O'  53  O'  ^  O'  ^ 

>1*0  >,  *0  ><53  >, 

X  X  X  -«  X 


•J  .a  *9  <j 


e 

o 


I  ^  m  »ft  •H 


i: 


!• 


o  < 

u  i 

U  I 

O 


•  V 

a  c 
0  0 

O.  V 

o  c 

h«  0 

O 


is  n 


u  C 

•o  3 


0  O 

e  0 

U  0  ■»« 

1  O  0 

Owe 

•  a  0 
•w  o  K 

W  0  0 

gssS 

2  "  g.2 

w  ^  a 
^  0  ><  0 
><  c  a  e 
X  •*«  o  0 
w  0  u  u 

0  o  a  *0 

0  w  ^  >* 
X  ><  X 
><  ><X  0 

X  •H  W  U 

W  O  0  0 

0  a  i  V 


O'  0 

e  9 

B  0  a 


go  0 
>•  e 
o  o  0 

e  'W  X 

^  ^  ^  ^ 

I  0  0 

U  0  ^  0 

9  *9  C 

«  e  ^  0  0 

«  S  X  N 

c  o  ^  o  c 

0  6  0  6  0 

X  <0  X  0  X 

.-4  C  9  u 

0  9  0  X 


0 

6  0 

0  0 
N  •W  6 
^  *0  -w 
I  0  w 
U  ^  O 

«  X  X 
0  I  O 
6  r5 

0  •  '0 

X  ^ 

0  ^  I  X 
6  0  O  w 

0  U 

^  59  O  > 
0  0^ 

X  X  X  0 
AJ  O  0  6 
X  6  0  0 
a  0  0  X 

0  W  0  ^ 

6  X  X  0 


0  w 

.  g  t 

0  -w  O 
6  59  0  0 

•w  0  6 
W  M  •w 
0  0^0 
X  ‘W  6 

X  o  e  0 
o  <W  0  N 
oOe- 

<0  >1  I  0  ' 

O  0  X 
X  o  W  X 
X  w  X  w 

o  o 

X  ^  X 
0  0X0 
6  0  -w  0 

0  X  0  w 
X  6  0  X  . 

*4000 

0  a  a  X 


ff  «  os  K  K 

M  M  «4  «4  M 

a  a  X  s  tc 


asBflCSOSXXXXXXXXX 

ttOBBAttXCBCDABXBttB 


<o«s0'0'o  »n*nfni'*»moOflDOO®55®2S5 
ooeoo  obb®®®®®S222S2 
ooooo  oooooooooooooo 


XJJXJXXXX 

enBBBBSBB 


AOD®®®®®®® 

ooooooeoo 

ooeeoeooo 


59 

0 


.'0inin®r^®®«^»®  •‘2*2222:^22 

**''•2222222 
iftioinmintoin'Oio 


X 

0 


& 

0 


0 

> 


e 

8 


<  ® 

a  -x  -v 

03  ♦  *5 

I  o  e 
B  ^ 
o  ^  r* 

X  > 
X  01  0 

B  «  B 
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\ 


o» 

a. 


s 

5 


e 

i 

o 

e 

o 


W  M 


o 

P 

I 


^  M 

II 


'  •  a 

• 

:  e  e 

I  ^  m 


«  «  •  « 

c  e  e  I 

«  o 

W  h«  M 

o  o  e  **< 

2  !c  S.  V  e 

o  u  o  e 

a  u 

lA  i/t  (i  »<  ‘Q 

>«  4» 

^  tt  ‘S  * 
^  a  Q 

•«4  **4  Iri  ■  1M 

»  »  O  o  O 

•H  h4 

«  «)  jC  ^ 

c  e  u  «  « 

«  4  «  »-■  6 

M  M  -a  *i  O 

•-«  U  4  (0 

«  4  5  ^ 


i 

u 


t  V 

.si 


O  4J 

SIS  » 

O.  ^  - 

U  hri 

*0  0  4 

4  h4  g 

O'  *0  o 
>1  u 
£  <0 
u  >« 
.a  X 


f  •s. 

••4 

X  u 

4 

»  o 

•»4 

c  o 

i  g 

M  g 

4  4 

gg 

^  u 
V  *» 
>1  4 
X  <*4 


w 

It 

bt  X 

?  la 

^  ki  ^ 

4  «  g 

e  >1  >« 

X  g 

o  g  ^ 

X  & 

g  g 

>»  ^  « 

^  egg 

9  O  >,  4J 
&  X  ^  4 

ki  g  e 
g  4  &  •«« 

^  8^  , 
g  u  4  ^  ^ 
>%  X  W 

g  e  >i4  g  ^ 
>»  ox  e  >«^ 

^  X  ••4^4 

o  u  g  w  o 

fit  4'«4  O  0>  <w 

g^M  o 
^  o gx  <Q 
4  ^  >«  g  4  M 
O'  *0  g  4  O'  4 
•o  V  m 

x«2  0,-0 
u  O  4  >M  4 
X  XX  X  -4 


&l 

>1  k« 

^  4 


5? 


sH 


s 

o 

§5 

X 


o  e 


^  g  h 

S  >*  ® 

4  ^ 


4  0>  O 

I  «  e 
O  M 
«  hi  e 
^  X  a 


s  s 


4  e 

4  4  0  4 

c  e  o  a 
4  f»  u  o 
a  a  ^  hi 
o  o  >«  a 

hi  hrf  X  o 

a  a  hi 

iiia 

O  0  •h)  X 

4  g 


•52 


_  „  3  8 

g  V  4J  O 

£  I  4  w 

o  «n  a  X 
w  %  c  — 
X  3  *0 


4  hi  4  4 

I  I  g  I 

n  o  a  a 
*^•00 
••4  hi  M 

4  a  a 
e  4 

4  e  9  <0 
a  4  4  4 
O  N  h)  ht 
b  e  4  4 

a  4  c  e 
o  X  -b  ^ 

hi  hi  hi 

O  1^  o  o 

i-«  >i  ^  ^ 

X  X  X  X 

g  h>  g  g 

i  I  n 

0^00 


C  V 
‘  4 

O' 


4 
e 
4 

8  X  2 

hi  4 

*D  g  •ht 

>«  -i  a 

X  -4  X 

g 

g  >1 
•«i  g 
^  >»rM 
g  .ih  *4 


■2  ® 

X  M 

•**  o 
a 

tt  <0 


2  4  ?  2  S. 


E  »  4  , 

o  o  e 

e  c  4 

X  X  X  K 

c  e  ^  4 
a  a  4  X 


•o  i 

4  O 

h)  4  4 

e  e  ■*« 

4  •«« 

4j  a*^  4 
a  o  c 

X  C  4 

i  g  4  N 
«*>  >«  6  c 

io  hi  o 

W  X  hi 

hi  o  o 
o  ^ 

X  -H  X 

g  X  g 

4  •*«  4 

4.>  a  hi 


s  % 

4  O 


e  . 

4  0  4 

a  a  ^ 


0 

4  <-4 
C  X 

4  g 

X 

h>  « 

8^ 

U  iJ 

a -5 

X 

g  4 

4  C 

*i  4 
C  AC 

4 

a  4 


a  4 

a  g 

g  M 

“I 

S  8 

o  o 

i4  hi 

X  X 

g  4 


g  4 

O  4^ 


X  X  X  X  X  X 
M  C4  H  M  M  M 

m  a  m  m  (0  m 


o  e  o  o  o  o 
e  o  e  e  o  e 


X  X  X  X 
M  «4  M  *4 

a  ■  a  a 


o  o  o 
e  e  e 


XX  X  X  X  X  X 
t4  N  M  M  M  «4  M 

tarn  a  a  a  a  a 


a  a  a  a  a  a  a 
o  o  o  o  o  o  o 
eo  o  e  o  e  o 


aaaaaaxxxx 

aaaaaaaaaa 


^  ^  a*  4*  ^  ^  ^  a  ^  a 

oeoaeeoaoo 

oooeooeeeo 


xxxxxxxxxxx 

aaaaaaaaaaa 


^  ^  ^  ^  ^  ^  ^  ^  ^ 
eoeoooooooo 
eaooeoeeooe 


^  a  n  aa  <n  «o  ^  fn  « 


a  y>  a  a  I 


I  a  a  lO  lO 


aaaaar»t«>aao'4» 

aainaaa«nioaioa 


s 

u 


I 

a  ■ 


^  ^ 

4  a  • 

4^  M  > 

Hh  a  4 

a  «  a 


120 


i 


Derived  froa  natural  products 
Values  reported  are  blank  corrected 


‘O  u  c 

g.&Si 

*0  >«  w 

^  5 

W  0  >t 

A  C,  JS 


M  ^ 
u  u  u 

m  m  m 

u  u  u 
V  «  V 
>«  >«  >• 
^  JZ  JR 

U  *i  *>  Mt 

3  m  m  m 

e  c  G 

O  'V* 

t  N  M  U  14  U 
)  •  V  O  O  0 
I  G  >,  •N  ^  ^ 
i  ji  ^  A  Ji 

I  M  o  u  o 

>  o  V  «  «  <i 

t  pH  «  M  M  M 
:  £  44  0  «  « 

t  o  m  A  A  A 
e 

I  (S  •»«  o  o  o 
M  ^  «4  ••4 

:  A  C  r< 

I  ^  ^  o  u  o 

*  A  ^ 

I  s  u  0  u  u 
>1  ><  >« 
•  c  ^  ^  ^ 

jl  &i8.§. 

!  S  S??? 

)  0  o  (Jt  01  9 

4  U  O  V  ^  V 

]  ^  4C  •H  «4  «« 

H  >1  e  i4  w  h4 
:  A  a  A  A  A 


m  •» 

e  e 

i.% 

9f  O  O  O 
C  **4  u  w 

«  ^  a  Oi 

a  s  o  ^ 

o  ■  w  w 
14  o  o  o 

Q  «  £  £ 


.-«  ^  «  i  o  v 

£  £  w  O  g  5  O 

o  u  3  u  S  f  i 


f»%  M  A  A 
4.  c  —  r; 
a  “O  *0 


O  A  A  . 

^  g  O 

C  A 

m  o  tf>  ^  \ 

A  m 

*i  u  JC  A  ■ 

t)  M  44  ^ 

o  g  ^  — 

44  >  > 

o  » 


o  fn  5  o 
«  «»  c  e 

M  ^  44 

4»  «  c  c 
4s  ^  a  a 


5  f 

o  o  o  ^ 
c  c  e  o 
M  M  M 
G  C  G  A 

a  a  a  g 


•449*Jai3«a«i9«J«i3 
CD  CD  fll  D)  CD 


999a:D999a» 

oaaaitDCDtBABcB 


S  D3  UUUUUUOUUO 

S  an  5555535ouS 


«  k. 

CB  oeeeoooe 

m a  eooooooe 


ooooooooo  o 

ooooooeoe  o 


eoavaaaaaaoD 

oeoooooeoe 

oeeoeoooee 


«  «n  4r  «  «  m  ^ 


o  o 

o  o  o  o  o  o 


e  o 

eeoeoQoeo 

r4f>i9i«H*Hr«9«0'a 


#«4^r*p*ininf^w> 

OOOO'^lN^i^ 


lA'aiat^cha'  eo 


Mo  positive  Identification 
Hone  detected 

Values  reported  are  blank  corrected 
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1 


Ho  poaitlve  Identification 
None  detected 

Values  reported  are  blank  corrected 


tii  a  a  K 


I 

m 

I  U  I 


I  •  I  I 


i  -O  «  x 

Ci  I  «  c  I  I  «  < 

^  m  «  m  *»  t 

o  w  «C«N 

u  I  «n  ^  I  I  O  « 

o  •  I  I  •  «  ^  ! 

^  9  o  X  e  e  o 

X  5  fci  -4  4>  •  *2 

u  I  Oil  •  XI 

S  to  ^  O  <o  in  o  I 

Z  I  X  e  I  I  S' 

A,4J  X* 

«  V  « S  Si  S  ! 

£  O  M  A.I  O  O  X  , 

I  ^  O  I  ' 

<N  £  8  n«  *0 

•.  O  •  I  I  «  *  *  I 

r^cm  ni  «< 

««*  «.«*  •  tn 

tft  I  m  «  «  ni  M  * 

«l  O«(^60O04i  « 

^  0^ 

mfrO^M»*0  O-^p*^  » 

tsxoAitnx  0*10*'^ 

*  ^  % 

•4  ^  «  X  X  ^ 


«  «  •  •  •  9  ^ 

«  «  «  41  O  O  « 

c  c  e  e  e  • 

.•4  <*4  •««  •M  It 

^  b  h4  W  h* 

0  0  OOOIM*- 
^  «H  ^  ^  O  O 

X  X  X  X  X 

U  O  o  U  o  M  W 

tn  f«>  to  «  «  ^  g 

X  X  X  X  X  «  • 


>  »  »  »  k  W  U 

o  o 

c  e  e  e  G 

h<  bt  U  U  W  'V*  ^ 

o  u  u  P  P  9  $ 

0  0  o  o  O  X  X 

b  S  W  W  bi  «  « 

^  T3  *0  *0  TJ  -i# 

X  X  X  X  X  8  i 


I 

«»  ^ 

•  6  ^ 
o  o  t 
c  o 

bi  4  0 
O  u  ^ 
•>4  4>  3  X 
X  X  X  O 
0^14 
4  <n  M 
m  *  4 
•N  X 
X  9s  I  I 
^  X  O  « 

-«  bit  w  * 

>  4  O  « 

0  w  * 
C  w  X  <n 
»  O  O  * 
O  «N  4  04 

e  X  bJ  « 

X  O  c  -s 


QOOXOfilfiO 

5Sou55o5 


4.  fib  ki  Bb  X 

<  <  <  <  < 

o  u  u  o  u 


ss  ss 

c>  o  u  u 


X  O  X  ox 

S55.  t55 


«M  Mc«r<r>»CMcywM 

a  a  a  oooooooo 

e  e  s  osoeoooe 


in  tn  in  tn  ^ 

o  e  o  e  e 

o  o  e  e  e 


Mr-  fS  CD 

e  o  o  o 

e  e  e  o 


^  4v  4t  mo 

o  o  e  e 

o  o  o  e  e 


M  ^  r-  »4  to  ♦ 


elototoee  e 

fammtotototo 


M  I 
s*  B 


'  '  '  '  '  .5  . 

<0  6*“  25  5 
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No  positive  identification 
Derived  froa  natural  products 
Greater  *  ''an 
None  detected 

Values  reported  ate  blank  corrected 
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n  S! 


il 


|g 


s 

u 


11 

M  9 


td 

•  fit  «« 


12 


MU  U  M 


m  rt 

£  'o 

£.  I 


JZ  o 

^  « 

>% 

A  u 

••4 

«  o 


f*l  «  bd  * 
«  «  • 
^  e  ^  e 

>«  <0  CO  « 
M  41  M 
3  4)  ^ 

2  JZ  m 


M  U  U 

<  4  < 

u  u  u 


M  U 

t5g 


e  m 


>« 

dj 

a 


«  • 
**  *» 

m  m 

m  « 


Oh  Q 
<  < 

o  u 


o  o 

n  « 


u  o 

••4  ••d 

o  o 


o  « 

C  f 


ft.  O  Q 

ggg 


to  «  m  m 
o  o  o  o  o 
o  o  e  e  o 


>t 

••4 

tl 

•ed 

O 

« 

o 

•*4 

o 

e 

« 


o  o  e 
Hem 
woo. 

«  N  & 

U  B  Id 

O  $  0. 
u  2  o 
•o  ^ 
>«^  o 
£  >1  w 
X  X 
*0  U 

£  s  s 
0^0 
6  >g  U 

«  X  X 


o 

X 
O  u 
6  « 

5 

6  w 


>«  V 
X  4) 
*i  X 

S  ^ 

-4  « 

W  di  ••«  w  u 


X  41  ■O 


I 

Ot  U  Ot 

«  u 

«  O  4^ 

e  X  e 

£  ::i 

W  P  be 

«  O  « 

U  bd  u 
O  «  O 

hd  >«  he 
V  X  V 

>«  >5 


O  X  u 

■dd  U  -*4 
d4  C  dd 

pop 

>g  ^  >« 
P  X  P 


s  § 

X  X 


*0  ^ 
o  o 

X  X 
p  p 


? 

« 


I 

>g 

X 

*> 

ft 


ft>ft.O  KKKKXKKXKKKKKKKKMK 


oooDto  r<«(S(Nr>4r>)oi(M<Nr<<r<4(NOcr4r«r>4r4(M(N 

ooe  oooeooooooeeoooooe 

eeo  eeooooeoeeoeooeeoo 


e  e  o  e  o  o 

viotniootdrto^r-  m^i 


mine  eemp4ineemm««mp4  0teomm 

eoifn  f^pommmm^ 

eoe  inii^inininiointf>(ninmininminininin 


p  ■ 

9  « 

bd  O 

a  u 

m  >g 
«  bd 

14  O 

9  e 
<p  «  o 

a  bd  ^ 

“itj 


« 

X 


>  • 

«n4  « 


8X  «  *9  ^ 

«  bd  ft  U 
«H  di  di 


& 


e 

10 

s 


« 

£S 

I  I 

<  U 


d>  bd 

{  « 

.  s 


^  p  p 

2  S.^  . 

•  a  I  o  « 
X  e  x  s  > 

I  I  I  I  I 

X  M  ft.  M  « 


<  CD 

o,  m  >s 

«  ^  m 
I  e  e 
«  m  's. 
U  ^ 

•  ^  J 

44  rc  > 

•e4  e  • 

«  «  fl( 
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-'1 


*1  G 

m  • 

ss 


^  s' 


§ 


«  ^ 

u 


o 

u 


£  d| 

G  S 


- 

ti: 


t  1 1 

O  0 


p 

>9^ 

X  u 

o  « 


O  ^  Qt  Oi 

kd  «  *  « 

o  ■*<  ■  • 


o  o 
o  o 
a  a 


M  M 
I  I  I 

u  u  o 


III 

^  W  be 

m  G  m 


^  V  V 

>1  >9  >1 

^  J£  ^ 


«  •  « 

x:  £  jc 

o  u  o 

c  e  e 

m  G  m 

W  tM  ke 

a  a  a 


•  9«e  <N«or^^(Nn  io>a 


«  O  >H  «*>  ^  o 


•  G  G 

EC  O 
G  O 
M  a  kd 
e  <*4  <0 

•>  •  >9 

a  o  a 

^  kd 

^  S? 

4J  J£  JS 


■*4  MG 


G 


ke  » 

o  e 

*N  O 

a  a 

U  kd 

G  G 

M  O 
G  O 
a  kd 

I  « 

«  >9 


>9 

e 

G 


G  G 
e  kd 
«»  o 


•  I 

c 

-  i 


It 

^  4 


V  « 

>9  C 

a  » 
«  e 

i  i 

«  o 

c  ^ 

-9  y 

ke  >9 

o  y 

a  o 
y  kd 
o 


c  y 
3  O 


XXMMKKKKKKXXKKMKKKAf 


oeooeoeoooeeeoooooo 

oeeoeeoooeooeoooooo 


KKK«C  J<XXKK>CKKK>  XKXKXKXKK9<K 


oooooooeoooooeooeeoee 

oeeoeeoeeeoeooooooooo 


w  ^  'G  tn  r*  ^  w  g 

a  ed  eeaeeda  O  a  a  a 

>aH^er«oep*4oeeoeee-Hee^ef*i 


4rin  opm  cptn  «t^r^«n  looo  ^  m  g  tf\ 
G  G  ir>io  G  G  G  aa  aaaaa 

atf>  ir>a  aa  loa  aa  loin  main 


s 

126 


I  I 

<  • 


^  pp 

I  e  e 
« 

U  V  r** 

G  ^  • 

*i  r*  > 
-d  a  « 

a  a  a 


positive  identification 

.uea  reported  are  blank  corrected 
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<<<<<<< 


o  £ 
e  G  u 

»  i  •  « 

O  0  u 

c  e  o 

^  C  ka 

e  e 

3  3  W  ^ 

*o  ^  e 

hdUkahai)4l4»U 

J4I  «  «  4J  dJ 

fi  i  i  4  «  >1  w 

OOO  O  G  G  ^  O 

m  «a 

O  O  4  >1 

OOOQX^  QO 

ooooogaa 


MXXK>eXMXXX9<XXXXKKXXX>CKKK 

SS2SS2SSSS2S222^SS22S2222 


»nfnpnfn«^fnfnf^r>m«nfn<^fnfnfn«nmf-3r«»fo«<n»^ 

ooooeeoooooooooooooooeoe 

oeeoeoeeoooeeeoooeooeooe 


ir»^eeoieeea<Neoooi 


i  * 

O  A  m 
el  e 
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^ 

^  >g 

^  £ 

m 


MKXKMKKKKXKXKXXXXKXKKKKMXKXKKKKKKXKKKK 


eoooeooooeooooooooooeooooooooooeoooooe 

eoeooeeoeooeeeoeooooeoeeoooooeeeoeoooo 


o  e 

eee  oo  oe  ooeoee  eeeoo 


lAinoi  inininiotn(n«se«of*‘r*>r«>«o0a»«ooeeeeooe*4^4 

^  tfi  ^  mmiAinintniointnininintnMi 


«•  10  fo^  CO  e  ^  < 


Mi 


21  S 

s*  s 
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No  poaitlve  identification 
Values  reported  are  blank  corrected 
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«a  « 

•  V 

m  •-* 


m 

Vi  z 


m  — 

i  8 

e  a 


Q 

c 

o 

u 


V 


S  3| 


« 

c 


g 

.a 


c 

« 

a 


X  e 

•  Si 

CM  U 

«  «  4 

XX  u 

^  I  o 

4»  «  U 

O  «  ^ 

hd  V  «  > 
O  C  X 
p-«  4» 

X  «  <0  U 

O  r<4  w 
«  »•  O  ^ 
«  ^  t» 

«  »  X  >g 

X  Pi  O  Cl 


tJ 

>1 

X 


::  i 


88 

0  O 

«  « 


s 

a 


3  .^4 


»  a  X  a  o 

O  I  U  i  I 

Cm  >«  •  • 

jc  a<  «H  Qi  a 


3  a  S.  a  a 


8  g^ 


8  8 


_  o 

I  ‘D'D'O'O^'D'O 
>T>g>«>«>i«>  >«>i>t>v>g>«>« 

^  ^  'IX  ^XXXXXXX 


>« 

X 


»  « 

*>  u 

«  o 

C  U 


^’O'O'O'O  %^'O‘O^‘O'O'D 

a«l4l 

XXXXX  •aXXXXXXX 
OUOVUdUUOOOOO 

ececc  ^cccceec 
•o«o« 

MWbaWW  %Wkat«Uh«bW 

aaa  axnaaaxxax 


cox 

4> 

*D  X  O 


o 

^  ^  o 

X  O  >v 

o  a.  o 


uuuuuuouuuuuu 

flczaaasKKSffKazz 

ttaafiAfiasAxaaa 


UUUUOUUw 

azazzKosS 

sanffiaafiA 


uuuuuuc^uuuuouuuouu 

-'KKKKZKKKKZIKKKZZKZ 

fimsfflttncDananaSaffiBe 


f>lf>IP4M<N«N(N«NOI<NrH<1«N 

ooooooooooooe 
eoo  eoooeooeoo 


000000000000000'3000000000 

oeeooooooeoooooooeooooeoo 


o 

e  o  e  o  e  o 


e  o  e  o 


m  ^  ^  ^  «po 

vtoeopi<Hn<ifin<N(Nfi 


r^iei«N<n  0*1  mo  Ofi  mo  cie  mo  oo  pin  o 

ommmmmmmoo  ooonr*n  ooooooeeo 
mm  mm  mm  mm  mm  mm  i..m  mm  mm  mm  mm  oo  o 


m 

o 

I 


I  i 

X  • 


I  e  o 
o  *1  v. 
u  ^  n 

•  o 


n  > 
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positive  identification 

ues  reported  are  blank  corrected 
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I  ^ 

**  e 

a  a 

S  •Q 


U 


fj 

c 

o 

u 


11 


>  JB 

II. 


H 


e 

i 


s 

N 

e 

1! 


|S 


A 

>1  A 

A  A  91 

A  Oa  1 

a  a 

*0 

1 

0 

cl 

II  . 

'A  o  e 

1 

a  a  u 

lea 

a  a 

A  6 

ha 

0 

85 

«58 

>g 

& 


V  ^  a 
a  a  -d 


u  u  o 

>5  ><  e 


Ilf 


_  _  £ 

O  O  O 
a  a  o 

£  G 

O  «  ^ 

O  A  AC 

AO  e  o.  a  . 

A  A  »  O  TS  a  A 

I  I  0  ^  ha  ••d  c> 

•a.  V  ®  ®  ®  a.  >» 

Ob  CL  «H  aH  fra  «-N 

•  «  e  A  A  A  O 

■  ■  a  u  u  A  a 


ill 


a  a 

^  i 

bd  N 

^•8 
C  ha 
9  O 
O  **^ 
e  A 
M  O 
c  -» 
a  -o 


I  o 

ha  U  *H 
A 
O 

m 


a  a  a  <hi 
N  e  o 
c  a  5  > 

a  M  ha 

A  e  «  c 
a  >«  o 

A  A  A 
>«  O  ha 

A  ha  C  a 
hi  o  »  o 
a  o  o 
i  A  e  ^ 
'aa  o  59 

u  •«*  C  > 
drf  5}  a  A 


a 

g  ^ 

I  ^ 

^  I 

t  u 

s  . 
s  g 

A  A  a 

O  ha  a 

«  e 

o  u  ■«« 

>•  A  ha 
a  ha  o 
I  5>  ^ 
<M  >gA 
«  A  U 


I&? 

ha 

e  e 
I  I  » 
o  o 
%  c  e 
in  A  j« 
«  C  B 
m  9  a 


II 

■  « 

o  •- 

u 

A  a 
e 
a 

N 

A  6 
»  O 

ha 

B  O 
k  an 
O  A 
B  O 


«  a 

a  a 

6  «n  B 

41  .M  -ea 
e  ha  »  ha 

a  o  u  o 

BA  »  A 

fi  ^ 
o  «a  am 

A 

U  A  A 
>«  M  a  hi 

55  ?  *0  "S 

ha  a 
O  B  A  B 

eH  5  a  5 

A  O  O 
g  6  >1  c 

■ea  A  A  A 
ha  e  a^  B 
A  3  a  9 


a  a 

o  fi  o  a 

g  ha  1  B 

>«  o  u 

g  ha 


o  g  6 
ha  o 
o  a  A 


iJorg 

ha  hi  ha 
A  va  'D 

»  >h 

>«  A 


a  A  g 

sg& 


uuuouooouuouuouu 

«««  aaccKasKos  at  k  ec  et  ac  at  at 
CBfflCDAfiafiSffiAaSACQAA 


eeoooooeoooeooo 
eoo  ooeooeeoeeoo 


inminin«ni/>«n  ininminiAm  minmininininininininm 

oooooeeooeoee  eoeooooeooeo 
ooeeooe  oeeooo  ooeeeeeoeoee 


'  an  OI  ^  m  aid  -a  I 


«  «  ^  «n  I 


*  e  o 
I  O  «n  r«  eH  9^  I 


^  m  a^  CO  O  ' 


I  n  fn  M  ^  N 


in«io  «oei*iin^<d|^io< 
eec» 


O  n 
^  m 

«  19 


«no5^f«imr»oo  OiAn^m^  p>»9cD9i^M(n^>vmi9r»e 
r*i4n^-«^a*^mmir>ioin4A  in«n«n«/>t9ioi9i9«^i9^ 
lOinininminin  inmin«nir>tf>  inminininmininminiom 


e 

w 

g 


I  I  I  I 

A  U  ka  « 


a  00  • 

A  <s  > 

^  aN  a 
0)  ^  oe 
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Ho  positive  Identification 

Plasticizer 

Low  concentration 

Values  reported  are  blank  corrected 
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m  ^ 

S  (S  «  • 

hi  4»  • 

«  e  e 

>»  5  -H  -4 

X  0  w  u 

A  O  O 

i»  o  ^  4-4 

e  «  dc  £ 
S  *■«  u  o  o 

1.  M  t)  o 

e  >  w  m 
«  o  ^ 

^  >  >4  £  £ 

•  *4  £  ^  44 

•«4  O  -M  •M 

jO  5.^  »  3 

M  e  44  e  e 

g  O  3  «  1  1 

I  o  0  o 

•  e  >t  e  e 

^  4I<  4ie 

•  e  ^  e  e 

*4  9  «  3  a 


>.  C 

u  o  ^ 
o  «  o 

ha  •M  O 
O  -4  45 
M  M  o 

£04 
o  e  1  « 
«  0  o 

44  £  tm  JB 
O  a  «  44 

°«o? 

>t  >«  ha 

P-4  X  o  e 

^  44  -4  5 

^  *  X  o 

«  ■  o  e 

«S  -4  **4 

Q  W  hi  C 
Q,  44  44  9 


8  «  •  •  n 

ha  «>  »  «  3 

V  e  e  e  e 

^  ^  . 

X  hi  ha  u  hi 

0  0  0  0 

^  ^  ^  t 

3  X  X  X  X  . 

u  o  o  u 

V 

■•4  m  N  m  rt  I 
ha 

X  X  X  X  X  . 

44  44  44  44  . 


0  c  c  c  e 
a  9  9  9  9 


mill  iiiiiiiiiiiiiiiiiiiiiiimiiiiiii 


eeooeo  oeooeooeoooooeoeooeo  oooeooeoooooo 

eeeooe  eeoeeoooeeeoeoeoeeeo  eeeooeooeoeeo 


•-4p<4«a4vep4  «yp-4or«*e«t0pH9t'3^«4< 


e  *0  o  o 

i«nf4t4P)«44rotfM  ®«-40p«4p»>fnflDp4np4inf*>»n 


•  wngr^ar-r-flov^  -4m  ^4r^'«r*r-  «oaB)ep^<Hfn 

w^r-r-r-r-  r-r-r-€0«D«cD«««9»3i3»3i3t3>9»9teeoeoeoeoo<-4^^^ 

mmmiAinin  ininiAtf>in«nininininintft^ininiA«r»ir»>9t3>9i3«o«o«o«««9«>9>o«9 
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Ho  poaitive  identification 

Plaatlclzer 

Low  concentration 

Values  reported  are  blank  corrected 


m 


o 


s. 

n 


I 


1 

flu 

tft 

I 

«9 

U 


**  « 


O 


s 


>  ^ 
«  a 


SS2 


^  M 


=  1 


u  «  ^ 

4 

<1  e  Ui  Ui 
6  0  9  0 
«  A  ^ 


t! 


«  -  _ 

e  «  u  w 
e  m 

O  4J  c  o 


^  «  h4 

I  u  s 

u  o  i 

u<  O 

%  -o  • 


iss 


I  I 


m  8 
«  o 


c  «■  o  u 

O  >,  « 
^  «  U  £ 
O  >1  I 

><  £  o  « 

O  « 

0  V  o  « 

u  V  « 

o  ^  ^  ^ 

^  <fl  o  • 
js  e  «  <N 
O  >%  u  * 


•H  e  Q 
^  «  2  o 

U  &  te  ^ 


«  ^ 


o  «  £ 

♦  »-4  o  o 

U  0  >0 
^  o  i* 

u  ^  e 

?  o  £  8. 


<» 

^  e 

«  4> 
Ot  N 

«o  e 

•» 


e  o  fi  c 
>  »  5 
0^00 
e  u  e  e 


c  « 

&8 

O  U4 

W  is 

>«£  O 
O  O  u« 
0  9  —  0 
b  o  —  — 
O  *i  Q  £ 
—  O  >1  O 
£  e  o  « 

O  ><  >1  w 


I  o  e 

I  £  % 

»  o  e 


fc<  —  o 
4J  4  ^ 


hi  Q  4 

«i  o  au 


«  » 

e 

o  e  • 

?  2S 

£  hi  N  O 

^  o  e  e 

f  g  J!  i! 

«  hi  a 

e  >0  «  ^ 

I  >1—0 
—  JS  ^  hi 

>«  >1  o 

e  c  X  «i4 
«  »  o  £ 
£0*0 
■u  c  -  <e 

flt  J(  —  X 

I  c  *  o 

M  3  •il  £ 


I  o  • 
u  e  e 
o  — 


S  3 

o  o 


•*«  *t  ^ 


hi  u 


G  e  o 

I  2L:2 

hi  0  O 


m  -< « 

hi  >i 

e  fl»  o  £  e 

8e  —  s 

o  jC  o  o 

c  N  u  —  e 


3  i 

I  O 

U>  O  hi 

I  e  « 
o  o 


V  o 

>«  hi 

X  fl 


hi  fl) 

33 


j:  hi 


o  o  « 
^  >% 
hi  U  £ 

t)  o  ^ 

>»  hi  — 

iS  o  » 


o  o 


I « 1 

0  4  0 
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Zinc  was  found  in  all  intervals  at  concentrations  ranging  from  85  to  99  ug/g. 
Copper  was  found  in  four  samples  at  34  to  42  ug/g.  Arsenic  was  detected  in 
the  uppermost  samples,  ranging  fran  12  to  300  ug/g.  Cadmium  and  chromium  were 
above  their  indicator  ranges  in  the  8.0  to  9.0  ft  interval  at  10  ug/g,  and  45 
ug/g,  respectively.  Lead  was  within  its  indicator  range  at  25  ug/g  in  the  8.0 
to  9.0  ft  and  17.0  to  18.0  ft  intervals. 

Several  halogenated  and  nonhalogenated  nontarget  compo\inds  were  tentatively 
identified  in  this  boring.  Nonhalogenated  hydrocarbons  detected  had  a  maximum 
concentration  of  1  ppm.  In  the  27.0  to  28.0  ft  interval,  an  isomer  of  aldrin 
was  tentatively  identified  at  100  ppm.  A  dichlorinated  organo  phosphoric  acid 
was  ten:atively  identified  at  1  ppm  in  the  17.0  to  18.0  ft  interval.  This 
compound  is  possibly  related  to  organo  phosphate  pesticides  and  was  detected 
in  the  same  interval  as  parathion. 


Elevated  levels  of  26  compounds  were  detected  in  samples  from  Manhole  W25 
(Figure  CS-SP.-6a).  The  uppermost  interval  (6. 9-7. 9  ft)  contained  all  26  of 
these  compounds.  All  compounds  except  chloroform,  methylene  chloride,  copper 
and  zinc  showed  rapidly  decreasing  concentrations  with  increasing  depth. 
Chloroform,  chromium,  copper,  lead  and  zinc  were  the  only  analytes  detected  in 
the  third,  fourth,  and  fifth  intervals  (16.2-17.2,  21.2-22.1,  and  26.2-27.2 
ft).  Samples  from  the  first  two  intervals  (6. 9-7. 9  and  11.8-12.8  ft) 
contained  the  following  volatile  organic  compounds:  1,1,2-trichloroethane  (20 
and  1  ug/g),  bicycloheptadiene  (20  and  8  ug/g),  carbon  tetrachloride  (20  and  4 
ug/g),  chloroform  (400  and  6  ug/g),  chlorobenzene  (20  ug/g), 

dibromochloropropane  (6,000  and  2,000  ug/g),  ethylbenzene  (20  ug/g),  m-xylene 
(100  and  1  ug/g),  methylene  chloride  (6  and  9  ug/g),  o-  and  p-xylene  (40 
ug/g),  tetrachloroethylene  (40  and  5  ug/g),  and  toluene  (300  and  7  ug/g). 
Semivolatile  organic  compounds  detected  in  the  first  two  intervals  included 
aldrin  (10,000  and  200  ug/g),  dibromochloropropane  (10,000  and  80  ug/g), 
dichlorodiphenyltrichloroethane  (DDT)  (70  and  5  ug/g),  dieldrin  (100  ug/g), 
hexachlorocyclopentadiene  (90  ug/g),  and  isodrin  (300  ug/g).  The  third, 
fourth,  and  fifth  intervals  yielded  only  one  volatile  compound,  chloroform  at 
1  ug/g  in  the  26.2  to  27.2  ft  interval,  and  no  semivolatile  compounds. 
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Cadmium,  copper,  zioc,  arsenic,  and  mercury  were  all  within  or  above  their 
indicator  ranges  in  samples  from  Boring  V)25.  Cadmium  was  above  its  indicator 
range  in  the  first  interval  under  the  manhole  (6.9  to  7.9  ft)  at  5.0  ug/g. 
Copper  was  foimd  slightly  above  its  indicator  range  in  the  first  four  sampling 
intervals  at  concentrations  of  37  to  63  ug/g,  and  within  its  indicator  range 
in  the  last  sampling  interval  at  a  concentration  of  26  ug/g.  Zinc  was  above 
its  indicator  range  in  all  five  samples,  with  concentrations  of  85  to  110 
ug/g.  Arsenic  was  found  at  130  ug/g  in  the  first  sampling  interval,  well 
above  its  indicator  range.  Mercury  was  found  in  the  first  two  sampling 
intervals  at  concentrations  of  8.8  ug/g  (6.9  to  7.9  ft)  and  0.065  ug/g  (11.8 
to  12.8  ft). 

Thiodiglycol  and  chloroacetic  acid  were  detected  in  the  first  sampling 
interval  (6.9  to  7.9  ft)  at  16  ug/g  and  230  ug/g,  respectively.  These 
compounds  were  not  detected  in  any  of  the  other  samples. 

Several  nontarget  compounds  were  tentatively  identified  in  the  GC/MS  scan  in 
the  6.9  to  7.9  and  11.8  to  12.8  ft  intervals.  The  compounds  included 
dichloropropene  (900  and  60  ppm),  unknowns  with  3  chlorines  (700  and  300  ppm), 

1.3.5- trimethyl  benzene  (300  ppm),  and  several  other  halogenated  compounds  at 
concentrations  ranging  from  2  to  90  ppm.  Also  present  in  samples  from  Manhole 
W27  were  compounds  tentatively  identified  as  hexadecanoic  acid,  nonanedioic 
acid,  and  dibutyl  ester  at  concentrations  of  0.7  ppm  or  less. 

Manhole  W17 

Ill  Manhole  W27  (Figure  CS-SF-6a),  22  pesticides,  solvents,  process 
intermediates,  metals,  and  breakdown  products  were  above  their  indicator 
levels.  In  general,  the  three  uppermost  samples  beneath  the  manhole  (6. 5-7. 5, 

11.5- 12.5,  and  16.2-17.2  ft  intervals)  contained  more  detectable  analytes  and 
higher  concentrations  of  analytes  than  the  two  deeper  intervals.  Many 
nontarget  halogenated  and  nonhalogenated  compounds  also  were  tentatively 
Identified  in  the  boring,  generally  decreasing  in  number  and  concentration 
with  depth. 

Seven  volatile  compounds  were  detected  in  at  least  three  of  the  samples, 
including:  bicycloheptadiene  (1-30  ug/g),  carbon  tetrachloride  (2-20  ug/g), 
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chlorofom  (5-10  ug/g),  methylene  chloride  (2-3  ug/g),  tetrachloroethylene 
(.9-10  ug/g),  and  toluene  (1-50  ug/g).  Dlbromochloropropane  was  detected  in 
the  volatile  analysis  at  concentrations  that  ranged  from  30  to  400  ug/g  and  in 
the  semivolatile  analysis  at  9  to  100  ug/g.  The  11.5  to  12.5  ft  interval 
contained  benzene  at  1  ug/g.  Concentrations  of  aldrin,  detected  in  four 
samples,  ranged  from  7  to  100  ug/g.  Other  semivolatile  compounds  detected 
were:  chlorophenylmethyl  sufone  in  one  sample  (0.3  ug/g),  dichlorodiphenyl- 
ethane  (DDE)  in  one  sample  (2  ug/g),  dichlorodiphenyltrichloroethane  (DDT)  in 
three  samples  (0.8-30  ug/g),  dleldrin  in  three  samples  (1-90  ug/g), 
hexachlorocyclopentadiene  in  two  samples  (0.7  and  0.8  ug/g),  isodrin  in  two 
samples  (3  and  6  ug/g),  and  supona  in  two  samples  (0.7  and  2  ug/g). 

Copper  and  zinc  were  above  their  indicator  ranges  in  all  samples  at 
concentrations  ranging  from  36  to  41  ug/g  and  84  to  130  ug/g,  respectively. 
Chromium  and  lead  were  above  their  indicator  ranges  in  one  sample  each. 
Chromium  was  found  at  72  ug/g  in  the  16.2  to  17.2  ft  interval  and  lead  was 
found  at  49  ug/g  in  the  6.5  to  7.5  ft  interval.  Arsenic  was  found  in  the  6.5 
to  7.5  ft  interval  at  15  ug/g,  and  mercury  was  found  in  the  two  uppermost 
samples  at  2.0  and  .061  ug/g. 

The  number  of  nontarget  compounds  tentatively  identified  in  this  boring 
decreases  significantly  with  depth.  In  the  6.5  to  7.5  interval,  17 
nonhalogenated  compounds  were  tentatively  identified  at  concentrations  less 
than  or  equal  to  3.0  ppm,  and  41  halogenated  compounds  were  tentatively 
identified  with  a  maximum  concentration  of  50  ppm.  The  11.5  to  12.5  ft 
interval  contained  4  nonhalogenated  and  6  halogenated  compounds  at 
concentrations  ranging  from  0.4  to  1  ppm  and  0.4  to  20  ppm,  respectively.  No 
nonhalogenated  hydrocarbons  were  tentatively  identified  beneath  this  sample. 

A  total  of  8  halogenated  compounds  were  tentatively  identified  in  the  three 
deepest  samples  with  a  maximum  concentration  of  6  ppm.  Also  present  in  the 
three  deepest  samples  were  naturally  occurring  acids  and  esters  at  low 
concentrations . 
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Manhole  .4-3 

In  Manhole  4-3  (Figure  CS-SP-6a)«  methylene  chloride,  trichloroethylene, 
aldrin,  zinc,  and  copper  were  within  or  above  their  indicator  levels. 
Methylene  chloride  was  fo>.ind  at  1  ug/g  in  the  three  uppermost  samples, 
trichloroethylene  was  found  at  0.6  ug/g  in  the  8.2  to  9.2  ft  interval,  and 
aldrin  was  detected  at  2  ug/g  in  the  3.2  to  4.2  ft  interval.  Zinc  was  within 
its  indicator  range  in  the  17.2  to  18.2  and  22.2  to  23.2  ft  intervals  at  72 
and  73  ug/g,  respectively,  and  was  above  its  indicator  range  in  the  12.2  to 
13.2  ft  interval  at  82  ug/g.  Copper  was  found  at  20  ug/g  in  the  17.2  to  18.2 
ft  interval. 

Two  nontarget  compounds  were  tentatively  identified  in  the  17.2  to  18.2  ft 
interval  —  bromodichlororoethane  (9  pimi)  and  an  alkylated  phenol  (0.4  ppm). 


Manhole  6-1 

Samples  from  Manhole  6-1  (Figure  CS-SP-6a)  contained  1,1,1-trichloroethane, 
1,1,2-trichloroethane,  carbon  tetrachloride,  tetrachloroethylene,  copper, 
lead,  and  zinc  within  or  above  their  indicator  levels.  The  second  sampling 
interval  (17.5  to  18.5  ft)  contained  0.8  ug/g  of  1,1,2-trichloroethane.  In 
the  23.5  to  24.5  ft  interval,  1,1,1-trichloroethane,  carbon  tetrachloride,  and 
tetrachloroethylene  were  detected  at  0.5  ug/g,  0.6  ug/g,  and  1  ug/g, 
respectively.  Copper  and  zinc  were  above  their  indicator  ranges  in  the  12.5 
to  13.5,  17.5  to  18.5,  and  23.5  to  24.5  ft  intervals  at  concentrations  that 
ranged  from  42  to  47  ug/g  and  85  to  110  ug/g,  respectively.  The  29.0  to  30.0 
ft  interval  contained  copper  at  30  ug/g  and  zinc  at  80  ug/g.  Lead  was  within 
its  indicator  range  at  36  ug/g  in  the  12.5  to  13.5  ft  interval. 

No  nontp-get  compounds  of  note  were  tentatively  identified  in  samples 
collected  from  below  Manhole  6-1.  Some  naturally  occurring  acids  and  esters 
were  tentatively  identified  at  concentrations  of  2  ppm  or  less. 

Trench  CSOl 

In  Trench  CSOl  (Figure  CS-SP-6b),  dieldrin  was  detected  in  Borings  2  through 
7,  and  in  Boring  11  in  the  4.0  to  5.0  ft  interval  (directly  beneath  pipe 
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joints)  at  concentrations  ranging  from  0.3  ug/g  to  2  ug/g.  It  was  also 
detected  in  the  composite  grab  sample  (Sample  10)  at  5  ug/g. 
Tetrachloroethylene  was  detected  directly  beneath  the  pipe  in  Borings  1,  4,  5, 
6t  and  7  at  concentrations  ranging  from  0.5  to  6  ug/g  and  in  Boring  8  in  the 
second  interval  at  3  ug/g. 

Methylene  chloride  was  found  in  Borings  1,  6,  and  7,  all  at  2  ug/g,  and  aldrin 
was  detected  in  Borings  U  and  11  at  0.4  and  1  ug/g,  respectively.  Copper  was 
found  in  all  samples  from  Borings  1  through  10  within  or  above  its  indicator 
range  at  concentrations  ranging  from  29  to  51  ug/g.  Grab  Sample  10  contained 
chromium  above  its  indicator  range  at  64  ug/g  and  lead  within  its  indicator 
range  at  39  ug/g.  Zinc  was  within  its  indicator  range  in  the  8.0  to  9.0,  13.0 
to  14.0,  and  22.0  to  23.0  ft  intervals  of  Boring  9  at  76,  73,  and  73  ug/g, 
respectively.  In  all  other  samples  in  the  trench,  zinc  was  above  its 
indicator  range,  with  a  maximum  concentration  of  820  ug/g  in  the  composite 
grab  sample  (Sample  10).  Arsenic  was  found  directly  under  the  pipe  in  Borings 

1  through  8  and  in  Grab  Sample  10  at  concentrations  ranging  from  5.3  to  24 
ug/g.  Mercury  was  found  in  Borings  1,  4,  5,  6,  7,  and  10  at  concentrations 
ranging  from  0.075  to  2.3  ug/g. 

Several  halogenated  nontarget  compounds  were  tentatively  identified  in  Borings 

2  through  7  and  11,  which  are  located  directly  beneath  the  pipe.  Hie  highest 
concentration,  20  ppm,  occurred  in  Boring  6  for  a  compound  tentatively 
identified  as  2- [ (4-chloro-6-(ethylamino )-l , 3 , 5-triazine-2-yl )amino ] -2-methyl 
propanenitrile.  In  Boring  8,  the  4.0  to  5.0  and  8.0  to  9.0  ft  intervals 
contained  a  few  halogenated  compounds  with  maximum  concentrations  of  9  ppm, 
and  a  nonhalogenated  hydrocarbon  with  a  maximum  concentration  of  0.8  pfon. 
Nontarget  compounds  of  nv  i.p  tentatively  identified  in  Boring  9  were 
halogenated  organic  compounds  at  1  ppm  each  in  the  8.0  to  9.0  and  18.0  to  19.0 
ft  intervals.  The  composite  grab  sample  (10)  contained  two  chlorinated 
hydrocarbons  (20  and  40  ppm)  and  an  unknown  aromatic  at  a  concentration  of  80 
ppm. 
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Soil  gradation  analyais  of  the  physical  sample  from  Boring  12  showed  a  high 
percentage  by  weight  of  fines  in  the  bedding  siaterlal  (Figures  CS-SP-5a  and 
5b).  Silt  or  clay  constituted  SO  to  60  percent,  fine  sand  30  percent,  and 
■edium  to  coarse  grained  sand  10  to  20  percent,  indicating  that  native 
material  was  used  for  bedding.  Though  this  material  was  well  compacted,  the 
overall  foundation  for  the  pipes  appeared  adequate  but  not  of  high  quality. 
Calculations  for  the  structural  stability  of  the  pipe  are  included  in  Appendix 
CS-C. 

Trench  CS02 

Ten  samples  were  collected  from  Trench  CS02,  8  from  the  7.8  to  8.8  ft 
interval,  and  two  from  the  11.8  to  12.8  ft  interval  (Figure  CS-SP-6c). 

Analyte  concentrations  did  not  decrease  with  either  depth  or  horizontal 
distance  from  the  pipe.  More  than  half  of  the  samples  contained 
bicycloheptadiene  (0.9-70  ug/g),  carbon  tetrachloride  (5-200  ug/g),  chloroform 
(2-50  ug/g),  m-xylene  (0.9-10  ug/g),  tetrachloroethylene  (2-90  ug/g),  toluene 
(0.4-300  ug/g),  aldrin  (3-40,000  ug/g),  isodrin  (20-1000  ug/g),  copper  (34 
ug/g,  maximum),  zinc  (99  ug/g,  maximum),  arsenic  (10-80  ug/g),  and  mercury 
(0.057-1.3  ug/g). 

Dibromochloropropane  was  detected  in  nine  samples  in  the  volatile  analysis 
(60-7000  ug/g)  and  in  seven  samples  in  the  semivolatile  analysis  (0.4-20,000 
ug/g).  Dicyclopentadiene  was  detected  once  in  the  volatile  analysis  at  2  ug/g 
in  Boring  7  and  once  in  the  semivolatile  analysis  at  8  ug/g  in  Boring  4. 
Benzene,  o-  and  p-xylene,  and  ethylbenzene  were  detected  only  in  saturated 
samples  at  the  water  table  at  concentrations  equal  to  or  less  than  9  ug/g;  and 
chlorobenzene  was  detected  in  Boring  1  (20  ug/g)  and  Boring  4  (2  ug/g)  and  in 
the  11.8  to  12.8  ft  intervals  of  Borings  7  and  8  at  4  ug/g. 

In  samples  from  directly  beneath  pipe  joints,  dichlorodiphenyltrichloroethane 
(DDT)  was  detected  twice  at  concentrations  ranging  from  2  to  500  ug/g, 
dieldrin  was  detected  four  times  between  6  and  200  ug/g,  and 
hexachlorocyclopentadiene  was  detected  three  times  at  levels  between  50  and 
500  ug/g.  Supona  was  detected  in  Boring  4  at  2  ug/g. 
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Cadmium,  copper,  lead,  sine,  arsenic,  and  mercury  were  found  within  or  above 
their  indicator  ranges.  Cadmium  was  found  only  once,  in  Boring  2  at  1.3 
ug/g.  Copper  was  within  its  indicator  range  in  Borings  2,  A,  6,  7,  and  8  at 
concentrations  of  24  to  34  ug/g.  Lead  was  found  in  four  samples  from  Borings 
1,  3,  5,  and  6  at  concentrations  of  59  to  79  ug/g.  Zinc  was  found  within  its 
indicator  range  in  three  samples  from  Borings  7  and  8  (67  to  77  ug/g)  and 
above  its  indicator  range  in  Bor-ings  2  and  6  (99  and  90  ug/g).  Arsenic  was 
found  above  its  indicator  range  in  Borings  1,  2,  3,  4,  and  7  at  concentrations 
of  11  to  80  ug/g.  Mercury  was  above  its  indicator  range  in  all  samples  except 
those  from  Boring  8,  where  it  was  found  once  within  its  indicator  range  at 
0.057  ug/g  (11.8-12.8  ft).  Elevated  concentrations  of  mercury  ranged  from 
0.19  to  1.3  ug/g. 

In  addition,  numerous  nontarget  compounds  were  tentatively  identified  in  the 
GC/HS  scan.  Both  hydrocarbons  and  halogenated  organic  compounds  tentatively 
were  identified  in  all  but  3  borings  (Borings  2,  5,  and  6  contained  only 
halogenated  organic  compounds).  Concentrations  of  halogenated  compounds 
ranged  from  2.  to  500  ppm  and  included  isomers  of  aldrin,  endrin,  isodr in,  and 
dibromochloropropane.  Hydrocarbons  were  tentatively  identified  at 
concentrations  ranging  from  3  to  700  ppm.  The  highest  concentrations  of  both 
types  of  compounds  were  detected  in  the  11.8  to  12.8  ft  interval  of  Boring  7, 
including  an  unsaturated  acyclic  hydrocarbon  (700  ppm),  an  unknown  aromatic 
(400  ppm),  and  an  isomer  of  bromochloropropane  (500  ppm). 

Analysis  of  soil  gradation  (Figures  CS-SP-5c  and  5d)  shows  that  the  bedding 
material  is  composed  of  40  to  60  percent  silt  or  clay,  30  to  40  percent  fine 
grained  sand,  and  10  to  30  percent  medium  to  coarse  grained  sand  or  gravel. 

The  high  percentage  of  fines  indicates  that  native  material  was  used  for  the 
pipe  foundation.  Calculations  (Appendix  CS-C)  for  the  structural  stability  of 
the  pipe  under  worst  trench  earth  loading  conditions  and  for  poor  Class  D 
bedding  in  accordance  with  ASIM  C12-82  (ASIH,  1986)  show  that  the  pipe  was 
designed  properly.  However,  longitudinal  cracks  seen  on  the  pipe  section 
between  Joints  3  and  4  indicated  a  structural  failure,  possibly  caused  by 
inadequate  compaction  of  material  under  the  haunches  of  the  pipe. 
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Irencb  CSQ3 

ChloroforiDt  carbon  tetrachloride,  tetrachloroethylene.  1,2-dicbloroethane, 
dieldrin,  hexachlorocyclopentadiene,  copper,  lead,  zinc,  arsenic,  and  mercury 
were  within  or  above  their  indicator  levels  in  Trench  CS03  (Figure  CS-SP-6d). 

Hexachlorocyclopentadiene  was  detected  in  Borings  1,  2,  3,  and  k  at  3,000 
ug/g,  4,000  ug/g,  300  ug/g,  and  2,000  ug/g,  respectively.  Boring  4  contained 
other  organic  compounds  including  carbon  tetrachloride  (3  ug/g),  chloroform  (2 
ug/g),  tetrachloroethylene  (10  ug/g),  1,2-dichloroe thane  (40  ug/g),  and 
dieldrin  (1  ug/g).  Carbon  tetrachloride  was  detected  at  9  ug/g  in  Boring  2, 
and  tetrachloroethylene  was  detected  at  3  ug/g  in  Borings  1  and  2. 

Copper  and  zinc  were  within  and  above  their  indicator  ranges  in  ten  and  twelve 
samples,  respectively,  with  maximum  concentrations  of  46  and  100  ug/g, 
respectively.  Lead  was  detected  at  640  ug/g  in  Boring  1  and  150  ug/g  in 
Boring  2.  Arsenic  was  found  within  its  indicator  range  in  5  samples.  Mercury 
was  found  within  its  indicator  range  in  3  samples  and  above  its  indicator 
range  (0.020  ug/g)  in  Boring  6. 

In  the  GC/MS  scan,  many  halogenated  nontarget  organic  compounds  were 
tentatively  identified  in  Borings  1  through  6  at  concentrations  that  ranged 
from  2  to  300  ug/g.  The  compounds  included  isomers  or  metabolites  of  aldrin 
and  isodrin  (Boring  4)  and  chlordene  (Boring  2).  Two  alkenes  were  tentatively 
identified  in  Boring  7  at  low  concentrations  (0.3  and  0.4  ppm). 

Analysis  of  soil  gradation  (Figures  CS-SP-5e,  5f,  5g,  and  5h)  shows  the 
bedding  material  to  consist  of  10  to  20  percent  coarse  to  medium  sand  and 
gravel,  30  to  60  percent  fine  sand,  and  20  to  60  percent  silt  or  clay,  which 
indicates  that  native  material  was  used  for  the  pipe  foundation.  Calculations 
for  the  structural  stability  of  the  pipe  (Appendix  CS— C)  under  worst  trench 
earth  loading  conditions  and  for  poor  Class  D  bedding  in  accordance  with  ASTM 
C12-82  (ASIH,  1986)  show  a  marginal  factor  of  safety,  primarily  due  to  the 
depth  of  backfill  above  the  pipe.  The  safety  factor  ctxnbined  with  possibly 
inadequate  compaction  of  the  backfill  material  beneath  the  haunches  of  the 
pipe  may  explain  the  structural  failure  (the  longitudinal  cracking)  of  the 
pipe. 
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Samples  were  collected  frcsn  beneath  three  pipe  joints  in  Trench  NKE  2  (Figure 
CS-SP-6e).  These  samples  contained  elevated  levels  of  pesticides,  herbicides, 
process  intermediates,  nd  metals.  Semivolatile  organic  compounds  detected  in 
at  least  two  of  the  three  samples  include  dichlorodiphenyltrichloroethane 
(DDT)  (7  to  30  ug/g),  aldrin  (100  ug/g  in  all  three  samples),  atrazine  (10 
ug/g),  dieldrin  (10  to  70  ug/g),  hexachlorocyclopentadiene  (30  and  1  ug/g), 
isodrin  (10  to  30  ug/g),  parathion  (20  ug/g),  supona  (30  and  30  ug/g),  and 
dibrcmiochloropropane  (80  and  100  ug/g).  A  separate  analysis  for 
dibrofflochloropropane  showed  this  compound  to  be  present  in  all  three  borings 
at  concentrations  ranging  from  370  to  32,000  ug/g.  Parathion  was  detected  in 
Boring  2  at  20  ug/g. 

Cadmium,  copper,  lead,  zinc,  arsenic,  and  mercury  were  within  or  above  their 
indicator  ranges  in  all  three  borings.  Concentrations  of  arsenic  ranged  from 
130  to  190  ug/g,  cadmium  from  4.2  to  5.8  ug/g,  copper  from  55  to  1,500  ug/g, 
lead  from  38  to  89  ug/g,  zinc  from  86  to  230  ug/g,  and  mercury  from  0.7  to  4.7 
ug/g. 

Numerous  nontarget  hydrocarbons  and  halogenated  organics  were  tentatively 
identified  in  each  of  the  samples  at  concentrations  ranging  from  0.4  to  90  ppm 
and  0.4  to  2,000  ppm,  respectively.  Organophosphorous  pesticides  were 
tentatively  identified  from  2  to  70  ppm  and  an  isomer  of  chlordene  at  9  ppm  in 
Boring  3. 

Irmch  MKE  2 

Two  samples  were  collected  from  Trench  MKE  3  at  locations  directly  underneath 
Joints  1  and  3  (Figure  CS-SF-6f).  Semivolatile  compounds  found  in  both 
samples  included  aldrin  (100  and  100  ug/g),  dibromochloropropane  (70  and  9 
tig/g),  dieldrin  (100  and  20  ug/g),  isodrin  (30  and  30  ug/g),  and  supona  (4  and 
2  ug/g).  In  addition.  Boring  1  contained  atrazine  (4  ug/g),  dichlorodiphenyl- 
ethane  (4  ug/g),  and  dichlorodiphenyltrichloroethane  (30  ug/g).  Dibromochloro¬ 
propane  was  also  detected  in  a  separate  analysis  at  95  and  13  ug/g. 

Results  from  the  sietals  analysis  showed  that  Boring  1  contained  elevated 
levels  of  cadmiun  (3.1  ug/g),  arsenic  (150  ug/g),  and  mercury  (0.58  ug/g). 
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Boring  3  contained  elevated  levels  of  cadmium  (2.8  ug/g),  copper  (75  ug/g). 
Bine  (83  ug/g),  and  mercury  (0.27  ug/g). 

Numerous  nontarget  ccMspounds  were  tentatively  identified  as  hydrocarbons, 
chlorinated  hydrocarbons,  and  chlorinated  pesticides.  The  hydrocarbons 
primarily  were  branched,  ranged  in  size  from  11  to  19  carbons,  and  were 
present  in  concentrations  from  3  to  30  ppm.  The  chlorinated  hydrocarbons  and 
pesticides  included  chlordene  and  isomers  of  dichlorodiphenyltrichloroethane 
(DDT)  and  dichlorodiphenyldichloroethane  (DDD)  and  hexachlorobutadiene. 
Concentrations  of  these  nontarget  compounds  ranged  from  4  to  100  ppm. 

Trench  MKE.4 

Trench  MKE  4  yielded  three  samples  that  were  collected  from  directly  under 
Joints  1,  2  and  3  (Figure  CS-SP-6g).  Semivolatile  analyses  showed  the 
presence  of  pesticides  and  halogenated  hydrocarbons  at  concentrations  up  to 
540  ug/g.  Of  interest  are  aldrin  (20  and  20  ug/g),  dibromochloropropane  (20 
to  200  ug/g),  dichlorodiphenyle thane  (0.8  and  2  ug/g),  dichlorodiphenyltri- 
chloroethane  (10  to  40  ug/g),  dieldrin  (2  to  30  ug/g),  hexachlorocyclo- 
pentadiene  (20  and  30  ug/g),  isodrin  (1  to  40  ug/g),  and  supona  (20  and  2 
ug/g).  A  separate  analysis  showed  dibromochloropropane  at  540,  70,  and  60 
ug/g. 

Elevated  levels  of  arsenic  were  found  in  all  three  borings  at  concentrations 
from  120  to  170  ug/g.  Cadmium,  copper,  zinc,  and  mercury  were  all  present  at 
concentrations  within  or  above  their  indicator  ranges.  Maximum  concentrations 
were  7.7  ug/g  for  cadmium,  42  ug/g  for  copper,  2.2  ug/g  for  mercury,  and  100 
ug/g  for  zinc. 

Many  nontarget  halogenated  organics,  hydrocarbons,  and  aromatics  were 
tentatively  identified  in  each  of  the  samples  at  concentrations  ranging  from 
0.4  to  80  ppm.  Of  particular  interest  are  compounds  tentatively  identified  as 
is«ners  of  isodrin  (1,  2,  and  5  ppm),  dichlorodiphenyltrichloroethane  (DDT)  (4 
and  20  ppm),  aldrin  (1,  2,  and  300  ppm),  dieldrin  (9  ppm),  and  chlordene  (0.6 
to  40  ppm). 
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Trench  MKE  6 

Three  samples  were  recovered  from  Trench  MKE  6,  all  collected  from  beneath 
joints  in  the  pipe  (Figure  CS-SP-6h).  Semivolatile  organic  analysis  revealed 
elevated  levels  of  pesticides  and  halogenated  hydrocarbons  in  the  samples, 
including  aldrin  (200,  300,  and  600  ug/g),  dibromochloropropane  (50  to  300 
ug/g),  dichlorodiphenyle thane  (7  ug/g),  dieldrin  (40  and  10  ug/g),  isodrin 
(20,  20  and  40  ug/g),  and  supona  (8  ug/g).  Dibromochloropropane  was  found  at 
440,  260,  and  55  ug/g  in  a  separate  analysis. 

Elevated  levels  of  arsenic  were  found  in  all  three  borings  at  concentrations 
of  740,  600,  and  250  ug/g.  Cadmivue,  copper,  lead,  einc,  arsenic,  and  mercury 
were  all  present  at  concentrations  above  their  indicator  ranges.  Maximum 
concentrations  were  34  ug/g  for  cadmium,  150  ug/g  for  copper,  97  ug/g  for 
lead,  480  ug/g  for  einc,  740  ug/g  for  arsenic,  and  8.6  ug/g  for  mercury. 

Nontarget  compounds  included  those  tentatively  identified  as  hydrocarbons, 
ranging  in  size  from  10  to  26  carbons,  pesticides  and  their  isomers,  and 
brominated  hydrocarbons.  Maximum  values  are  300  ppm  for  methyl  ester,  200  ppm 
for  the  brominated  hydrocarbon,  100  ppm  for  the  hydrocarbons,  700  for 
chlordene,  and  80  for  an  isomer  of  dichlorodiphenyltrichloroethane  (DDT). 
Aldrin,  isodrin  and  an  isomer  of  dieldrin  were  also  tentatively  identified  at 
maximum  concentrations  of  2,  30,  and  6  ppm,  respectively. 

Trench  MKE.  7 

Three  samples  were  collected  from  beneath  joints  in  Trench  MKE  7  (Figure 
CS-SF-6i).  No  target  analytes  were  detected  within  or  above  their  indicator 
levels  in  any  of  the  samples.  One  nontarget  compound,  tentatively  identified 
as  bi8(2-ethylhexyl)phthalate,  was  detected  in  Boring  1  at  a  low  concentration 
(0.5  ppm). 

Trench  MKE  19 

Three  samples  were  collected  in  Trench  MKE  19  (Figure  CS-SP-6j),  and  several 
metals  were  detected  within  or  above  their  indicator  ranges  in  all  samples. 
Concentrations  ranged  from  41  to  71  ug/g  for  copper,  85  to  97  ug/g  for  zinc. 
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5.1  to  14  ug/g  for  arsenic,  and  0.18  to  5.4  ug/g  for  mercury.  No  nontarget 
C(»Bpound6  of  note  were  detected. 

Trenab  tffi£-2Q 

In  Trench  HKE  20  (Figure  CS-SP-6k)  three  samples  were  collected  from  beneath 
pipe  joints.  Aldrin,  dibronochloropropane,  and  dieldrin  were  each  detected  in 
one  sample  at  0.6,  0.6,  and  0.3  ug/g,  respectively.  Copper,  lead,  and  zinc 
were  within  or  above  their  indicator  ranges  in  all  three  samples. 
Concentrations  ranged  from  32  to  80  ug/g  for  copper,  29  to  56  ug/g  for  lead, 
and  150  to  760  ug/g  for  zinc.  Arsenic  was  within  its  indicator  range  in 
Borings  1  and  3  at  4.4  and  3.4  ug/g,  and  mercury  was  found  above  its  indicator 
range  at  0.17  and  0.13  ug/g  in  the  same  borings. 

Several  nontarget  compounds  were  tentatively  identified  in  borings  from  Trench 
MKE  20.  Trichlorobenzamine  was  found  in  Borings  1  and  3  at  5  ppm  and  10  ppm, 
respectively,  and  a  branched  hydrocarbon  was  tentatively  identified  at  low 
concentrations  in  the  same  borings. 

Trench  MKE  21 

TVo  samples  were  collected  from  Trench  MKE  21  (Figure  CS-SP-61).  Lead  and 
zinc  were  detected  within  their  indicator  ranges  in  Boring  1  at  28  ug/g  and  68 
ug/g,  respectively.  No  nontarget  compounds  of  note  were  detected  in  this 
trench. 

3.2.5  Contamination  Assessment 

The  chemical  sewer  in  the  South  Plants  manufacturing  complex  was  installed  to 
carry  liquid  chemical  wastes  from  the  manufacturing  areas  to  the  waste 
disposal  basins.  Therefore,  this  portion  of  the  chemical  sewer  was  exposed  to 
large  quantities  of  chemicals  manufactured  and  used  in  the  South  Plants 
Bunufacturing  complex.  The  system  was  constructed  primarily  with  oakum  cement 
joints,  which  were  not  designed  to  be  water  tight,  and  some  leakage  is  to  be 
expected;  however,  as  the  sewer  line  deteriorated  with  age,  considerable 
exfiltration  siay  have  occurred.  In  samples  from  manholes  and  trenches  along 
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the  ch^ical  sewer  in  South  Plants  the  following  compounds  were  detected 
within  or  above  their  indicator  levels: 

1 ,2-Dichloroethane 

1.1. 1- Trichloroe thane 

1.1. 2- Trichloroethane 
Benzene 

Bicycloheptadiene 
Carbon  tetrachloride 
Chloroform 
Ethylbenzene 
m-Xylene 

Methylene  chloride 
Methyl isobutyl  ketone 
o-  and  p-Xylene 
Tetrachloroethylene 
Toluene 

Trichlorpethylene 
Aldrin 
Atrazine 

Chlorophenylmethyl  sulfone 
Chlorobenzene 

Several  hundred  nontarget  compounds  were  tentatively  identified.  These  are 
not  listed  separately  here  but  have  been  grouped  into  four  main  categories: 
halogenated  hydrocarbons,  nonhalogenated  hydrocarbons,  organophosphorous 
compounds,  and  naturally  occurring  compounds. 

The  following  discussion  begins  at  the  farthest  upstream  location  and  follows 
the  sewer  in  the  direction  of  flow.  Because  of  the  wide  variety  and  high 
concentrations  of  compounds  detected,  this  contamination  assessment  will  be 
used  to  indicate  potential  contaminant  migration  patterns  arotmd  the  sewer 
lines.  The  trench  study  areas  provided  an  indication  of  the  horizontal  and 
vertical  gradients  of  potential  contaminants.  Data  collected  from  beneath 


Dichlorodiphenyle thane 
Dichlorodiphenyltrichloroe thane 
Dieldrin 

Hexachlorocyclopentadiene 

Isodrin 

Parathion 

Supona 

Dibroroochloropropane 

Dicyclopentadiene 

Cadmium 

Chromium 

Copper 

Lead 

Zinc 

Arsenic 

Mercury 

Thiodiglycol 

Chloroacetic  Acid 
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manholes  will  be  used  to  verify  the  vertical  extent  of  potential  contaminant 
migration.  As  data  collected  from  the  MKE  trenches  by  both  MK£  and  Ebasco  are 
limited  to  a  maximum  depth  of  3  ft  below  the  pipe,  these  data  will  be  used  to 
support  other  data  and  to  correlate  areas  where  potential  contamination  can  be 
expected. 

Trench  MKE  19 

Trench  MKE  19  was  dug  along  an  abandoned  portion  of  the  chemical  sewer.  It  is 
located  at  the  far  upstream  end  of  the  sewer  line  that  extends  toward  the 
aldrin  area,  although  at  this  point  its  only  connection  was  to  the  mustard  and 
dichlor  decontamination  pit.  No  semivolatile  target  compounds  were  detected 
in  any  of  the  three  Ebasco  samples  collected  at  this  excavation.  Each  sample 
contained  copper,  zinc,  arsenic,  and  mercury  at  levels  above  their  indicator 
ranges.  No  nontarget  compo\inds  of  note  were  detected. 

Samples  collected  from  Trench  MKE  19  by  MKE  contained  elevated  levels  of 
methylene  chloride,  arsenic,  and  mercury.  The  methylene  chloride  was  present 
in  a  fairly  narrow  concentration  range  (2.7  to  ^.1  ug/g)  and  appeared  in  all 
samples,  which  may  be  an  indication  of  laboratory  backgrotind.  The  elevated 
levels  of  arsenic,  and  particularly  mercury,  were  much  higher  directly  under 
the  pipe  than  beside  the  pipe.  The  Ebasco  samples  from  this  trench  did  not 
show  the  mercury  to  be  present  at  levels  quite  as  high  as  the  MKE  samples  (a 
maximum  value  of  5. A  ug/g  versus  a  maximum  value  of  25  ug/g),  although  in  both 
cases  the  mercury  concentration  was  above  natural  levels  expected  in  these 
soils.  There  are  no  known  documented  mercury  spills  in  this  area  (Ebasco, 
1988c).  It  appears  from  the  higher  concentrations  under  the  pipe  that  the 
arsenic  and  mercury  originated  from  the  sewers.  Tlie  elevated  levels  of  copper 
and  zinc  may  also  have  originated  from  the  chemical  sewer,  but  because  MKE  did 
not  analyze  for  these  metals,  no  data  are  available  to  indicate  concentration 
gradients. 


Manhole  W27  is  located  downstream  of  Trench  MKE  19  and  received  wastes  from 
the  mustard,  aldrin,  and  dibromochloropropane  production  areas  and  a  mustard 
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and  pesticide  decontamination  pit.  Seventeen  volatile  and  semivolatile 
compounds  were  detected  in  the  first  three  sampling  intervals  (6. 5-7. 5, 
11.5-12.5,  and  16.2-17.2  ft).  Concentrations  of  note  are  aldrin  at  100  ug/g 
in  the  6.5  to  7.5  and  16.2  to  17.2  ft  intervals  (the  first  and  third  sampling 
intervals  under  the  manhole)  and  dibromochloropropane  at  200  and  400  ug/g  in 
the  11.5  to  12.5  and  16.2  to  17.2  ft  intervals,  respectively.  Bicyclohepta- 
diene,  an  intermediate  in  the  production  of  aldrin  and  dieldrin,  was  also 
detected  in  the  samples  from  this  manhole,  although  never  above  30  ug/g.  The 
concentrations  of  volatile  and  semivolatile  organic  compounds  decreased  at 
lower  depths  indicating  that  the  chemical  sewer  may  be  the  source  of  these 
compounds.  The  two  deepest  Intervals  contained  only  eight  volatile  and 
semivolatile  target  compounds  ranging  in  concentration  from  1  to  30  ug/g. 
Chromium,  copper,  lead,  zinc,  and  mercury  were  present  at  elevated  levels  in 
the  upper  three  samples.  Only  copper  and  zinc  were  above  their  indicator 
ranges  in  the  lower  two  samples.  Samples  taken  by  MKE  also  showed  elevated 
levels  of  copper,  lead,  and  zinc  in  the  uppermost  sample. 

This  distribution  of  detectable  compounds  probably  is  due  to  the  geology  of 
the  area.  The  first  two  samples  were  taken  in  weathered  sandstone.  The  third 
sample,  taken  at  a  depth  of  16.2  to  17.2  ft,  was  in  a  transition  region  to 
less  fractured  rock,  and  the  following  two  samples  came  from  progressively 
less  fractured  material.  The  decreasing  amount  of  fractured  material  is  less 
permeable  than  more  fractured  rock,  causing  less  downward  migration  of 
chemicals  from  the  chemical  sewer. 

Many  nontarget  halogenated  and  nonhalogenated  hydrocarbons  were  tentatively 
identified,  ranging  in  concentration  from  30  ppm  to  lees  than  1  ppm.  The 
concentrations  and  numbers  of  nontarget  compounds  detected  followed  the  same 
distribution  as  the  target  compounds.  Increasing  depth  corresponded  to 
decreasing  levels  and  numbers  of  compounds  present. 

Samples  were  collected  near  Manhole  W27  during  the  Task  2  investigation  of 
Shell  spill  sites  (Ebasco,  1987a).  Elevated  levels  of  aldrin  (1,000  tmd 
2,000  ug/g)  and  dieldrin  (100  and  400  ug/g)  were  detected  in  the  surface 
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samples  but  not  in  samples  taken  at  the  4  to  5  and  9  to  10  ft  intervals. 

These  data  indicated  that  downward  migration  of  target  analytes  from  the 
surface  had  not  penetrated  to  the  depth  of  the  sewers  or  below  the  sewers. 

Trench  CS02 

Trench  CS02  is  located  along  the  section  of  pipe  121  ft  downstream  of  Manhole 
W27.  Groundwater  is  high  in  this  area,  within  about  2  ft  of  the  sewer,  and 
samples  taken  frcmi  the  second  Interval  beneath  the  pipe  (11.8  to  12.8  ft)  were 
wet.  High  levels  of  pesticides  and  solvents  were  detected  in  all  intervals  of 
all  of  the  borings,  whether  directly  under  the  pipe  or  up  to  5  ft  away.  Most 
notably,  aldrin  was  detected  in  all  ten  samples,  three  times  at  20,000  ug/g 
and  once  at  40,000  ug/g.  Dibromochloroprcpane  was  also  detected  at 
concentrations  as  high  as  7,000  ug/g.  Concentrations  of  chemicals  did  not 
taper  off  with  increasing  depth.  The  highest  levels  of  both  aldrin  and 
dibromochloroprcpane  were  detected  in  Boring  7  in  the  saturated  sample. 

Numerous  nontarget  compounds  were  detected  at  this  site.  Nearly  all  of  them 
were  tentatively  identified  as  either  halogenated  or  nonhalogenated 
hydrocarbons.  The  highest  concentrations  were  detected  in  Boring  7,  where  the 
maximum  level  was  700  ppm. 

Because  all  of  the  borings  in  Trench  C502  contained  significant  amounts  of 
target  compounds,  the  extent  of  contaminant  migration  could  not  be  determined 
from  these  data  alone.  A  similar  trench,  SS04,  was  dug  around  the  sanitary 
sewer  about  20  ft  west  of  Trench  CS02.  Results  from  this  trench,  which  are 
included  in  the  Sanitary  Sewer  -  South  Plants  Contamination  Assessment  Report, 
showed  very  low  levels  of  pesticides  and  metals  near  the  pipe  and  nothing  in 
saturated  soils  (Ebasco,  1988a).  The  high  levels  of  potential  contamination 
present  in  the  soils  under  the  chemical  sewer,  and  not  in  soils  near  the 
sanitary  sewer,  indicate  that  the  chemical  sewer  is  the  source  of  the 
potential  contamination  in  this  area. 

Trench  MKE  2 

Trench  MKE  2  is  located  downstream  of  Trench  CS02,  along  the  section  of  pipe 
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that  received  wastes  from  the  white  phosphorous  storage  and  filling  building 
and  the  pesticide  drisn  filling  building,  in  additira  to  those  previously 
mentioned.  Analysis  of  Ebasco  samples  showed  elevated  levels  of  pesticides, 
herbicides,  process  intermediates,  and  metals,  with  aldrin  at  100  ug/g, 
dibromochloropropane  at  32,000  ug/g,  copper  at  1,500  ug/g,  and  arsenic  at  190 
ug/g. 

HKE  data  from  this  trench  also  showed  high  levels  of  these  ccmipounds,  most 
notably  aldrin  at  14,000  ug/g,  dibromochloropropane  at  7,500  ug/g,  and  arsenic 
at  520  ug/g.  These  samples  were  analysed  for  volatile  organic  compounds  and 
showed  the  presence  of  solvents  such  as  carbon  tetrachloride,  chlorobenzene, 
chloroform,  methylene  chloride,  tetrachloroethylene,  and  toluene,  but  at 
concentrations  that  did  not  exceed  29  ug/g. 

Nontarget  compound  data  showed  numerous  halogenated  and  nonhalogenated 
hydrocarbons  similar  to  those  found  in  Trench  CS02. 

All  samples  collected  from  this  trench  were  taken  directly  under  the  pipe  or 
from  immediately  beside  the  pipe;  none  were  from  deeper  intervals  or  from  any 
distance  away  from  the  pipe.  Therefore,  no  evidence  of  concentration 
gradients  with  respect  to  distance  from  the  pipe  could  be  identified. 

However,  the  types  of  compounds  detected  and  the  concentrations  at  which  they 
were  found  corroborate  the  data  from  Trench  CS02,  which  was  directly  upstream 
of  this  trench.  It  appears  that  the  chemical  sewer  may  be  the  source  of  these 
compounds . 

Manhole  W25  is  the  manhole  directly  downstream  of  Trench  HKE  2.  Samples  from 
directly  under  the  channel,  in  the  5.9  to  7.9  ft  interval  of  this  boring, 
contained  high  levels  of  pesticides,  including  aldrin  at  10,000  ug/g, 
dibrcMfiochloropropane  at  10,000  ug/g,  and  isodrin  at  300  ug/g.  Solvents  were 
also  present,  with  toluene  having  the  highest  concentration  at  300  ug/g. 
Mercury  and  arsenic  were  also  present  at  elevated  levels.  Concentrations  of 
target  compounds  dropped  off  dramatically  with  increasing  depth,  as  was  the 
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case  in  Manhole  N27.  A  similar  trend  was  not  seen  in  Trench  CS02,  located 
be*'ween  these  two  sianholes,  because  of  the  very  high  water  table  under  the 
trench.  Sampling  stopped  when  the  water  table  was  reached;  therefore,  only 
two  intervals  were  sampled  under  Trench  CS02,  compared  with  five  intervals 
beneath  Manholes  W25  and  W27.  A  summary  of  groundwater  depths  and  sewer 
depths  is  included  in  Table  CS— SP— 2.  In  the  16.2  to  17.2  and  21.1  to  22.1  ft 
intervals,  copper  and  sine  were  the  only  target  compounds  above  indicator 
level,  and  both  were  slightly  above  their  indicator  ranges.  The  last 
interval,  26.2  to  27.2  ft,  was  taken  in  groundwater  and  contained  1  ug/g  of 
chloroform  as  well  as  copper  and  zinc  within  their  indicator  ranges.  The 
presence  of  this  chloroform  is  due  more  likely  to  a  groundwater  plume  than 
from  downward  migration  from  the  chemical  sewer  system. 

Nontarget  compounds  were  detected  in  much  higher  concentrations  in  the 
uppermost  sample  than  in  deeper  samples,  as  were  the  target  compounds. 
Halogenated  hydrocarbons  were  tentatively  identified  at  concentrations  ranging 
from  900  to  k  ppm,  and  a  tentatively  identified  benzene  was  found  at  300  ppm. 
The  next  interval  contained  only  three  tentatively  identified  halogenated 
hydrocarbons  at  a  maximum  concentration  of  UO  ppm,  and  the  next  three 
intervals  did  not  contain  any  nontarget  compounds  of  note. 

Samples  taken  from  beneath  this  manhole  by  MKE  showed  a  similar  trend. 
Concentrations  of  pesticides  such  as  aldrin,  dibromochloropropane ,  and  isodrin 
were  much  higher  in  the  7. A  ft  interval  than  in  the  14.5  ft  interval.  Maximum 
values  were  7,000  ug/g  for  aldrin,  6,000  \ig/g  for  dibromochloropropane,  and 
200  ug/g  for  isodrin. 

The  contaminant  concentration  gradient  evident  beneath  this  manhole  and  the 
similarity  of  this  manhole  and  Manhole  W27  imply  that  the  chemical  sewer  is 
the  most  likely  source  cf  potential  contamination. 

Trenches  MKE  3.  MKE  4,  and  MKE  6 

This  series  of  trenches  was  dug  along  the  portion  of  the  chemical  sewer 
directly  downstream  of  Trench  CS02,  which  collected  wastes  from  pesticide  and 
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Arny  agent  nanufacturing  facilities,  the  white  phosphorous  and  arsenic 
trichloride  tank  house,  and  the  Ansy  laboratory  and  laundry.  Elevated  levels 
of  pesticides,  herbicides,  process  intensediates ,  and  metals  were  found  in 
samples  taken  by  Ebasco  from  these  trenches.  Host  notable  were  aldrin  at  600 
ug/g  and  dibromochloropropane  at  5A0  ug/g.  Of  the  metals,  copper  was  found  at 
150  ug/g,  sine  at  A80  ug/g,  and  arsenic  at  740  ug/g.  These  trenches  run  past 
the  arsenic  silos,  which  may  be  the  source  of  the  arsenic. 

NKE  data  taken  from  these  trenches  also  showed  high  concentrations  of 
pesticides  and  arsenic.  Aldrin  was  found  in  three  samples  at  20,000  ug/g, 
dibromochloropropane  was  detected  as  high  as  510  ug/g,  and  arsenic  also  had  a 
maximum  value  of  510  ug/g.  It  does  not  appear  that  samples  taken  from 
directly  under  the  pipe  contain  target  compounds  at  higher  concentrations  than 
samples  taken  from  beside  the  pipe. 

Nontarget  compound  data  contained  numerous  tentatively  identified  halogenated 
and  nonhalogenated  hydrocarbons  similar  to  those  found  in  Trench  CS02. 

Samples  were  taken  only  from  directly  under  and  beside  the  pipe  in  these 
trenches,  never  at  deeper  intervals  or  at  any  distance  away  from  the  pipe. 
Therefore,  no  obvious  trends  regarding  contaminant  migration  could  be 
identified  from  these  data.  However,  the  types  of  compounds  detected  and  the 
levels  at  which  they  were  found  corroborate  the  data  from  Trench  CS02,  which 
was  a  short  distance  upstream  of  these  trenches. 

Trench  MKE  20 

Trench  NKE  20  is  located  one  manhole  upstream  of  Trench  CSOl,  and  both  are 
along  a  branch  of  the  sewer  that  joins  the  main  line  at  Manhole  W22.  Ebasco 
collected  three  samples  from  directly  under  the  pipe,  and  analysis  showed 
elevated  levels  of  aldrin,  dieldrin,  dibromochloropropane,  copper,  lead,  zinc, 
and  mercury.  The  nontarget  analysis  tentatively  identified  two  chlorinated 
hydrocarbons  in  the  samples  containing  aldrin  and  dieldrin. 
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Analysis  of  HKE  data  showed  concentrations  of  aethylene  chloride  ranging  froa 
2.3  to  2.9  ug/g,  which  again  may  be  due  to  laboratory  background.  The  only 
other  target  coeipound  above  its  indicator  level  was  aercury  at  1.5  ug/g,  found 
in  the  saaiple  froei  directly  under  the  pipe. 

Considering  the  limited  amount  of  data  available,  it  is  possible  that  the 
target  compounds  detected  in  this  trench  originated  from  the  chemical  sewer. 

Trench  CSOl 

Trench  CSOl  is  located  along  a  section  of  the  chemical  sewer  lin !  that 
collected  wastes  from  pesticide  and  Army  agent  B»nufacturing  facilities  and 
from  the  Army  laboratory  and  laundry.  Semivolatile  and  volatile  organic 
compotmds,  ICP  metals,  arsenic,  and  mercury  were  noted  in  borings  from  this 
trench. 

Concentrations  of  the  organic  compounds  and  metals  decrease  with  distance  from 
the  pipe  both  horizontally  and  vertically,  with  organic  compounds  absent 
entirely  in  the  lower  three  sampling  intervals.  Aldrin,  dieldrin, 
tetrachloroethylene,  and  methylene  chloride  were  found  in  samples  taken  from 
directly  below  the  pipe.  Boring  8,  1  ft  away  from  the  pipe,  contained  only 
tetrachloroethylene  in  the  8  to  9  ft  interval;  Boring  9,  5  ft  away  from  the 
pipe,  did  not  contain  any  volatile  or  semivolatile  target  compounds.  Metals, 
most  notably  zinc  and  arsenic,  were  also  present  at  elevated  levels  near  the 
pipe.  Samples  taken  by  HKE  from  directly  under  the  pipe  showed  elevated 
levels  of  mercury  zinc.  Boring  9  contained  no  arsenic  and  only  slightly 
elevated  levels  of  zinc  and  copper.  This  boring  penetrated  claystone,  so 
higher  levels  of  zinc  and  copper  are  to  be  expected  based  on  the  natural 
levels  found  in  these  materials  at  RHA. 

In  addition,  a  composite  grab  sample  was  collected  of  yellow  material  that  was 
found  on  several  joints  along  the  exposed  pipe.  This  sample  contained 
elevated  levels  of  dieldrin,  chromiias,  zinc,  arsenic,  and  mercury.  The  yellow 
color  may  have  been  due  to  the  presence  of  chromate  ions,  a  chromium  specie 
characterized  by  a  bright  yellow  color. 


Site  CS-SP 
0097U/0185A 
Rev.  9/14/88 


162 


Nontarget  coaipouads  tentatively  identified  at  thia  location  were  primarily 
halogenated  hydrocarbons  ranging  in  concentration  froai  20  to  0.4  ppm,  except 
in  the  grab  sanple  where  the  concentration  rose  to  40  to  20  ppm.  Other 
tentatively  identified  compounds  included  unidentified  phthalates  and 
organophosphorus  substances.  Again,  the  concentrations  of  compounds  detected 
decreased  with  distance  from  the  pipe. 

The  observed  concentration  gradients  around  the  pipe  suggest  that  the  target 
and  nontarget  compounds  originated  from  the  chemical  sewer. 

Manhole  W21 

Manhole  W21  is  the  second  isanhole  domstream  of  Trench  CSOl  and  MKE  Trenches 
2,  3,  and  4.  Volatile  and  semivolatile  organic  compounds  are  prevalent  down 
to  and  Including  the  17.0  to  18.0  ft  interval,  10  ft  below  the  pipe  and  10  ft 
above  the  water  table.  Some  concentrations  of  note  were  dibr(»iochloropropane 
at  800  ug/g  and  arsenic  at  300  tig/g  in  the  8.0  to  9.0  ft  interval,  arsenic  at 
430  ug/g  in  the  10.5  ft  interval  (MKE  sample)  and  aldrin  at  100  ug/g  in  the 
17.0  to  18.0  ft  interval.  No  ccmipounds  exceeded  100  ug/g  in  the  12.0  to  13.0 
ft  interval.  In  general,  concentrations  of  compounds  detected  in  the  22.0  to 
23.0  and  27.0  to  28.0  ft  intervals  are  considerably  lower  than  those  found  at 
shallower  depths. 

This  distribution  of  contaminants  probably  is  due  to  the  geology  of  the  area. 
Weathered  claystone  overlies  less  permeable  siltstone.  The  transition  between 
these  two  units  occurs  approximately  at  the  17.0  to  18.0  ft  interval  where 
there  appears  to  be  a  buildup  of  some,  but  not  all,  of  the  target  compounds. 
These  Include  carbon  tetrachloride,  tetrachloroethylene ,  bicycloheptadiene, 
chlorobenzene,  aldrin,  isodrin,  parathion,  and  supona.  Chemicals  released 
from  the  chemical  sewer  have  migrated  downward  through  the  weathered  claystone 
but  have  been  slowed  by  the  siltstone. 

The  sample  taken  from  the  27.0  to  28.0  ft  interval  was  wet,  and  therefore  was 
in  contact  with  groundwater.  This  sample  contained  aldrin  at  10  ug/g  and  some 
solvents  ranging  in  concentration  from  0.5  to  7  ug/g.  These  compounds  were 


Site  CS-8P 
0097U/0185A 
Rev.  9/14/88 


163 


not  found  in  the  22.0  to  23.0  ft  interval,  except  chlorofoim,  and  are  probably 
due  to  groundwater  pluaea  rather  than  downward  Migration  froai  the  aewer. 

The  tentative  identification  of  nontarget  coaipounda  showed  the  presence  of 
several  halogenated  and  nonhalogenated  hydrocarbons  as  well  as  a  saiall  amount 
of  an  organophosphorua  coaipound.  In  general,  these  followed  the  same 
distribution  as  the  target  compounds.  Host  of  the  compounds  appeared  in  the 
first  three  intervals,  with  the  exception  of  an  isomer  of  aldrin.  This  isomer 
was  found  in  the  27.0  to  28.0  ft  interval  at  a  concentration  of  100  ppm. 

It  appears  that  target  and  non target  compounds  detected  in  this  boring,  except 
for  the  solvents  found  beneath  the  water  table  originated  from  the  chemical 
sewer. 


Trencb-MHB  .21 

Trench  MKE  21  is  located  along  a  section  of  the  chemical  sewer  upstream  of 
Manhole  6-1,  which  collected  wastewater  from  the  Army  laboratory  and  laundry. 
This  section  was  part  of  the  nontoxic  sewer  servicing  the  chlorine  plant  just 
west  of  "0"  Street  and  was  connnected  to  the  chemical  sewer  in  1956.  Mo 
semivolatile  compounds  were  found  in  either  of  the  two  samples  taken  from 
beneath  the  pipe.  Lead  and  sine  were  both  present  within  their  indicator 
ranges.  No  nontarget  compounds  of  note  were  detected. 

Samples  collected  from  this  trench  by  MKE  showed  no  evidence  of  semivolatile 
organic  compounds,  arsenic,  or  siercury.  Methylene  chloride  was  detected  in 
three  of  the  samples  at  concentrations  consistent  with  those  found  in  other 
samples.  This  consistency  and  prevalence  may  be  taken  as  an  indication  of 
laboratory  backgroimd  contamination. 

Hmholc  6-1 

Manhole  6-1  is  also  located  in  the  chlorine  plant  area  along  a  part  of  the 
chemical  sewer  line  that  is  downstream  of  Trench  MKE  21.  The  upper  sample 
from  this  sumhole  did  not  contain  any  volatile  or  semivolatile  target 
compounds.  The  second  sampling  interval  contained  only  1,1,2-trichloroethane 
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at  0.8  ug/g.  Tha  solvents  ltl,l-trichloroe thane,  carbon  tetrachloride,  and 
tetrachloroethylene  were  detected  at  1  tig/g  or  less  in  the  23.5  to  24.5  ft 
Interval,  slightly  above  the  water  table  (26  ft).  The  presmce  of  these 
eoapotmds  is  probably  related  to  groundwater  plisses.  Copper  and  sine  were 
also  slightly  above  their  Indicator  ranges  in  several  of  the  sanples.  Soils 
iron  these  sanples  had  a  clay  conponent,  so  the  slightly  elevated  levels  of 
netals  can  be  expected. 

Trench  CS03 

Trench  CS03  is  located  in  the  chlorine  plant  area.  The  nost  notable  target 
analyte  found  at  this  site  was  hexachlorocyclopentadiene,  an  intermediate  in 
the  production  of  aldrin  and  dieldrin.  This  compound  was  found  in  borings 
from  directly  under  the  pipe  at  levels  of  300  ug/g,  2,000  ug/g,  3,000  ug/g, 
and  4,000  ug/g.  Some  solvents  were  also  present,  but  not  at  concentrations 
above  40  ug/g.  Lead  was  found  at  levels  of  640  and  150  ug/g  in  two  of  the 
borings.  The  highest  levels  of  target  analytes  were  detected  in 
unconsolidated  material  found  directly  under  the  pipe.  The  concentrations  of 
chemicals  decrease  with  depth  and  distance  from  the  pipe.  Samples  taken  1  and 
5  ft  away  from  the  pipe  and  at  depths  below  the  pipe  contain  only  copper  and 
sine  within  or  slightly  above  their  indicator  ranges,  with  occasional 
occurrences  of  arsenic  and  mercury  within  or  above  their  indicator  ranges. 
Soils  under  this  trench  have  a  clay  component  and  therefore  the  slightly 
elevated  levels  of  copper  and  zinc  can  be  expected. 

Numerous  halogenated  hydrocarbons  were  tentatively  identified  in  the  nontarget 
6C/HS  analysis.  All  were  present  in  samples  taken  from  directly  under  the 
pipe.  No  compounds  of  note  were  found  in  samples  taken  ?v<ay  from  the  pipe  or 
farther  below  the  pipe. 

In  addition,  one  sample  was  taken  from  along  the  top  of  the  pipe  where  a  crack 
had  leaked  dye  during  the  field  work.  The  only  target  compound  found  in  this 
sample  was  arsenic,  which  was  within  its  indicator  range.  A  tentatively 
identified  compotmd  containing  3  chlorines  was  detected  in  this  sanple  at  2 
ppm  in  the  6C/HS  analysis. 
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Tb«  concentration  gradients  of  target  and  nontarget  analytes  around  the  pipe 
iaplies  that  these  cosipounds  originated  froai  the  chemical  sewer. 

MAnhole 

This  manhole  is  located  along  the  western  edge  of  the  chlorine  plant  area  and, 
like  Manhole  6-1  and  the  sewer  in  Trenches  CS03  and  HKE  21,  it  was  originally 
part  of  the  nontoxic  contaminated  waste  line.  Samples  from  this  manhole 
contained  isethylene  chloride  at  1  ug/g  in  the  first  three  intervals, 
trichloroethylene  at  0.6  ug/g  in  the  second  interval,  and  aldrin  at  2  ug/g  in 
the  first  interval.  Samples  taken  by  HKE  also  showed  aldrin  in  the  first 
sampling  interval  at  a  concentration  of  1.0  ug/g.  Zinc  was  found  at  82  ug/g, 
slightly  above  its  indicator  range,  in  soil  having  a  clay  component,  where  an 
elevated  concentration  may  be  expected.  Two  nontarget  compounds  of  note  were 
tentatively  identified  as  bromodichloromethane,  found  at  9  ppm,  and  an 
alkylated  phenol,  found  at  0.4  ppn,  both  in  the  fourth  sampling  interval  (17.2 
to  18.2  ft). 

The  compounds  detected  in  samples  from  this  manhole  do  not  exhibit  obvious 
trends  of  decreasing  concentration  with  distance  from  the  pipe,  with  the 
possible  exception  of  aldrin.  Although  compounds  of  this  sort  were  not 
anticipated  in  this  area,  and  unless  other  data  become  available,  it  will  be 
assumed  that  these  compounds  originated  from  the  chemical  sewer. 

Trench  MKE  7 

Trench  MKE  7  was  dug  along  an  aboodoned  portion  of  the  chemical  sewer  in 
Section  35.  This  line  was  originally  intended  to  carry  caustic  waste  from  the 
chlorine  plant  area  to  on  Impermeable  basin,  but  it  was  never  used  for  that 
purpose  (CWS,  1945a;  CWS,  1945b;  Donnelly,  undated).  No  target  analytes  were 
detected  within  or  above  their  indicator  levels  in  the  Ebasco  samples  from 
this  trench.  One  nontarget  compound  was  detected  at  a  low  concentration 
(0.5  ppm)  and  was  tentatively  identified  as  a  phthalate,  a  plasticizer 
ubiquitous  in  the  environment  at  SNA. 
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Re«ult«  of  the  HKE  ceBpling  prograa  showed  Mthylene  chlorine  in  four  of  the 
eight  sanples  at  concentrations  ranging  froa  2.4  to  12  ug/g.  Methylene 
chloride  is  a  consm  laboratory  solvent  and  its  presence  here  aay  be  an 
indication  of  laboratory  contamination.  Arsenic  was  the  only  other  target 
analyta  detected,  and  was  found  in  the  three  uppemost  sasiples  at 
concentrations  of  18,  18,  and  21  ug/g.  These  samples  were  all  taken  from 
soils  with  a  clay  component,  which  may  account  for  the  elevated  levels  of 
arsenic . 

Nontarget  compatiiads  detected  in  the  HKE  samples  included  those  tentatively 
identified  as  phthalates,  alcohols,  acids,  esters,  and  three  instances  of  a 
substituted  alkene.  The  phthalates  are  plasticisers,  which  are  prevalent  in 
the  environment  at  RMA  and  which  were  present  in  low  concentrations,  the 
Baxismm  being  8.9  ug/g.  Alcohols,  esters,  and  hexadecanoic  acid  are  often 
associated  with  naturally  occurring  compounds  and  were  present  in 
concentrations  of  up  to  36  ug/g.  The  three  substituted  alkenes  were  present 
at  concentrations  of  9.8,  0.5,  and  5.1  ug/g.  Compounds  of  this  nature  were 
not  anticipated  in  this  area. 

I;ata  from  the  Ebasco  sampling  program  showed  no  target  compounds  or  nontarget 
compounds  of  note,  while  the  HKE  sampling  program  tentatively  identified  some 
hydrocarbons  in  the  nontarget  analysis.  All  available  documentation  regarding 
this  part  of  the  sewer  line  states  that  it  was  never  used.  It  is  therefore 
unlikely  that  any  potential  contamination  detected  in  the  trench  originated 
from  the  sewer  line. 

3.3  FOLLOW-ON  SURVEY 

The  nature  and  extent  of  potential  contamination  associated  with  the  South 
Plants  ckMsical  sewer  has  been  defined  so  that  a  worst-case  estimate  can  be 
made  of  the  quantity  of  potentially  contaminated  soil.  Therefore,  no 
follow-on  investigations  are  recommended  for  the  chemical  sewer  system  in  the 
South  Plants  area. 
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3.4  QUANTITY  OF  POTENTIALLY  CONTAMINATED  SOIL 

Based  on  the  results  of  the  field  progran,  the  estimated  volume  of  potentially 
contaminated  soil,  rounded  to  two  significant  figures,  is  120,000  cubic  yards 
(yd’’)  with  an  estimated  overburden  of  120,000  yd  . 

The  South  Plants  chemical  sewer  system  will  be  divided  into  two  parts:  the 
portion  in  Section  2  that  was  originally  the  nontoxic  waste  system  and  the 
portion  in  Section  1  that  serviced  the  main  manufacturing  area. 

In  Section  2,  samples  from  Trench  CS03  contained  potential  contamination 
directly  below  the  pipe  and  up  to  1  ft  away  from  the  pipe.  Samples  5  ft  away 
from  the  pipe  and  5  ft  below  the  pipe  did  not  contain  compounds  at  levels 
considered  to  be  potentially  contaminated.  Trench  MKE  21  did  not  contain  any 
analytes  above  their  indicator  levels.  Manhole  4-3  showed  elevated  levels  of 
target  analytes  in  the  first  three  sampling  intervals  but  not  in  the  fourth, 

15  ft  below  the  manhole.  Manhole  6-1  contained  elevated  levels  of  solvents  in 
the  23.5  to  24.5  ft  interval,  which  have  been  attributed  to  groundwater 
plumes.  Shallower  samples  did  not  contain  target  analytes  at  levels 
considered  to  be  potentially  contaminated. 

The  depth  of  potential  contamination  will  be  assumed  to  extend  15  ft  below  the 
pipe  (based  on  Manhole  4-3)  and  5  ft  on  either  side  of  the  pipe  (based  on 
Trench  CS03).  The  volume  of  potentially  contaminated  soil  will  be  estimated 
by  assuming  a  width  of  11.5  ft,  which  includes  5  ft  on  each  side  of  the  pipe 
and  the  maximum  pipe  diameter  of  18  in,  and  by  assuming  a  depth  of  16.5  ft, 
which  includes  the  suotimum  pipe  diameter  and  15  ft  beneath  the  pipe.  The  pipe 
length  includes  all  pipe  west  of  Manhole  6-4. 

Estimated  Volume  of  Potentially  Contaminated  Soil: 


Length 

Depth 

Width 

VoluBw 
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-  5,300  ft 

-  16.5  ft 

-  11.5  ft 

-  37,000  yd^ 
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Eatimated  Voluaw  of  Overburden: 


Length 

Average  depth  to  pipe 

Width 

Voltoae 


5,300  ft 
10  ft 
11.5  ft 
23,000  yd^ 


Samples  collected  in  Section  1  showed  potential  contamination  along  the 
chemical  sewer  pipe  and  at  depth  beneath  the  pipe.  Therefore,  the  entire 
chemical  sewer  line  in  Section  1  is  assumed  to  be  potentially  contaminated, 
with  the  exception  of  the  overhead  line  originating  in  the  hydrazine  facility 
and  the  line  connecting  Manholes  A,  B,  and  C  from  Building  732,  which  was 
never  used. 


The  approximate  length  of  this  portion  of  the  sewer  line  is  18,000  ft.  The 
soil  is  assumed  to  be  potentially  contaminated  from  the  top  of  the  pipe  to  the 
water  table.  The  oiaxiaiuffl  pipe  diameter  is  12  in,  and  the  average  distance 
from  the  pipe  to  the  water  table  is  5  ft;  therefore,  the  depth  used  for  the 
calculation  is  6  ft.  Samples  collected  5  ft  away  from  the  pipe  contained 
detectable  analytes  at  concentrations  that  decreased  with  distance  away  from 
the  pipe.  Therefore,  the  width  of  potentially  contaminated  soil  is  assumed  to 
extend  10  ft  on  each  side  of  the  pipe,  giving  a  total  width  including  the  pipe 
diameter  of  21  ft. 


Estimated  Volume  of  Potentially  Contaminated  Soil: 


Length 

«  18,000  ft 

Depth 

-  6  ft 

Width 

«  21  ft 

Volume 

-  8A,000  yd^ 
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Estloiated  Volune  of  Overburden: 


l.ength  B  18.000  ft 

Average  depth 
to  pip«  ■  7  ft 

Width  -  21  ft 

Volume  ■  98,000  jrd^ 

Results  from  the  field  survey  were  used  to  generate  a  BK>st  conservative 

(worst-case)  estlsuite  of  the  volume  of  potentially  contaminated  soil  along  the 
chemical  sewer  in  South  Plants.  This  delineation  of  the  boundaries  of 
potential  contamination  should  not  be  construed  to  indicate  the  actual 
presence  of  contamination  within  the  volumes  outlined.  In  addition,  this 
approach  is  not  intended  to  imply  that  any  c.;  all  of  the  soil  within  the 
potentially  contaminated  volume  must  be  remediated,  nor  does  it  make  any 
assumption  about  the  type  of  remediation  that  may  be  required.  Rather,  this 
approach  is  intended  to  provide  preliminary  estimates  of  the  isaximum  possible 
volume  of  contaminated  siaterials  for  planning  purposes  only. 
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Appendix  CS-A 

Chemical  Names 
and  Abbreviations 


APPENDIX  CS-^ 

Chealcal  Naaea  and  Abbreviaticms 


Analytic  Wtltoda 

Atoaic  Absorption  Spectroscopy 

Gas  Chroaatography/Conductivity  Detector 

Gas  Chroaatography/Electron  Capture  Detector 

Gas  Chrooatography/Flaae  Ionisation  Detector 

Gas  Chroaatography/Flaae  Photoaetric  Detector 

Gas  Chroaatography/Hass  Spectroaetry 

Gas  Chroaatography/Nitrogen  Phosphorous  Detector 

Gas  Chroaatography/Photoionisation  Detector 

High  Perforaance  Liquid  Chroaatography 

Inductive  Coupled  Argon  Plasaa  Screen 

Ion  Chromatography 

Spectraphotometry 


PHASE  I  ANALYTES  AND  CERTIFIED  MEIHQDS 
SOIL  SAMPLES 


Analysis /Methods /Analy tea 

AGENT  PRQDUCTS/HPIC 
Chloroacetic  acid 
Thiodiglycol 

ACEfTT  products/ionchrom 

Isopropylaethylphosphonic 

acid 

Chloride 

Fluoride 

Sulfate 

ARSENIC/AA 

DIBROMOCHLOHOPROPANE/GCECD 

pyPRAZlMES/SPECT 
Hydrazine 
Hethylhydrasine 
Unsyaaetrical  dimethyl 
hydrazine 

MERCDRY/AA 


Synonymous  Names  Used 
in  Appendix  B - 


Chloroacetic  acid 
Thiodiglycol  (TDG) 


Isopropylmethylphosphonate 


Chloride 

Fluoride 

Sulfate 

Arsenic 

Dibrosiochloropropane 


Hydrazine 
Methylbydrazine 
Unsysnetrical  dimethyl 
hydrazine 

Mercury 


Abbreviaticms 

AA 

GCCCW 

GCECD 

GCFID 

GCFPD 

cc«s 

GCNPD 

GCPID 

HPLC 

ICP 

lONCHROI 

SPECT 


Abbreviations 

TDG 

CLC2A 

TDGCL 

GBDP 

IMPA 


CL 

FL 

S04 

AS 

DBCP 

EXD 

HYDRZ 

MHYIHtZ 

UDHH 

as 
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APPENDIX  CS-A  (Continued) 
Phase  I 


1 


1  i 


Analvsis/Methods/Analvtes 

Synonysious  Names  Used 
in  Aooendix  B 

Abbrevistione 

MHALS/ICf 

ICE 

Cadaium 

Cadmium 

CD 

Chromium 

Chromium 

CR 

Copper 

Copper 

CU 

Lead 

Lead 

PB 

Zinc 

Zinc 

ZN 

ORGANONITROGEN  COMPOUNDS /CCNPD 

CNC 

n^  1 1  rosod  ime  thy  lamine 

n-Nltrosodimethylamine 

NNDMEA 

n-Nitrosodi-n-propylsmine 

n-Nitrosodi-n-propy lamine 

NNIHtfPA 

ORGANOPHOSPHOROUS  COMPOUNDS /GCFPD 

CEC 

Diisopropylmethyl  phosphonate 

Diisopropylmethyl  phosphonate 

DIMP 

Dimethylmethyl  phosphonate 

Dimethylmethyl  phosphate 

DMMP 

SEMIVOLATILE  ORGANIC  COMPOUNDS/ 

■gqis _ 

SVO 

1,4-Oxathiane 

1,4-Oxathiane 

OXAT 

2 , 2-b is (Para-chloropheny 1 )- 

Dichlorodiphenylethane 

PPDDE 

1 t l>dlchloroe thane 

2t  2-bis (Para-chlorophenyl )- 

Dichlorodiphenyltrichloro- 

PPDDT 

1 t 1-1-trichloroethane 

ethane 

Aldrin 

Aldrin 

ALDRN 

Atrazine 

Atrazine 

ATZ 

Chlordane 

Chlordane 

CLDAN 

Chlorophenylmethyl  sulfide 

p-Chlorophenylmethyl  sulfide 

CPMS 

Chlorophenylmethyl  sulfone 

p-Chlorophenylmethyl  sulfone 

CPMS02 

Chlorophenylmethyl  sulfoxide 

p-Chlorophenylmethyl  sulfoxide 

CPMSO 

Dibromochloropropane 

Dibromochloropropane 

DBCP 

Dicylopentadiene 

Dicyc lopentadiene 

DCPD 

Dieldrin 

Dieldrin 

DLDRN 

Diisopropylsiethyl  phosphonate 

Diisopropylmethyl  phosphonate 

DIMP 

Dimethylmethyl  phosphonate 

Dimethylmethyl  phosphonate 

DMMP* 

Dlthlane 

Dithiane 

DITH 

Endrin 

Endrin 

ENORN 

Hexachlorocy c lopentadiene 

Hexachlorocyclopentadiene 

CL6CP 

Isodrin 

Isodrin 

ISODR 

Malathion 

Malathion 

MLTHN 

Parathion 

Parathion 

PRTHN 

Supona 

2-Chloro-l  (2,4-dichlorophenyl) 

SUPONA 

vinyldiethyl  phosphates 

Vapona 

Vapona 

D0VP 

*  OMfP  is  certified  as  part  of  the  senivolatile  organic  compound  method  only 
for  Hittswn-Ebasco  Laboratory. 
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APPENDIX  CS-A  (Continued) 
Phase  I 


Analvsis/Mgthoda/AnalYteA 
VOLATILE  ORGANIC  COMPOUNDS/ 

__s£aa - 

1 . 1- Dichloroe thane 

1 . 2- Dlchloroethane 

1.1. 1- Trlchloroethane 

1.1. 2- Trichloroe thane 
Benzene 

Bicycloheptadlene 
Carbon  tetrachloride 
Chlorobenzene 
Chloroform 
Dibromochloropropane 
Dicyclopen tadiene 
Dime thy Idisulfide 
Ethylbenzene 
Bi-Xylene 

Methylene  chloride 
Methylisobutyl  ketone 
o-  and  p-Xylene 
Tetrachlorpethylene 
Toluene 

Trans-l , 2-dichloroethylene 
Trichloroethylene 


Synonyznus  Names  Used 
In  Appendix  B - 


1 . 1- Dichloroe thane 

1 . 2- Dichloroethane 

1 .1 .1- Trichloroethane 

1 . 1 .2- Trichloroethane 
Benzene 

Bicycloheptadiene 

Carbon  tetrachloride 

Chlorobenr-ene 

Chloroform 

Dibromochloropropane 

Dicyclopentadlene 

Dime  thyldisul f ide 

Ethylbenzene 

m-Xylene 

Methylene  chloride 
Methylisobutyl  ketone 
Ortho-  S.  Para-xylene 
Tetrachloroethene 
Toluene 

Trans-l , 2-dichloroethene 
Trichloroethene 


Abbreviatiwis 


SD 

IIDCLE 

12DCLE 

lllTCE 

112TCE 

C6H6 

BCHPD 

ecu 

CLC6H5 

CHCL3 

DBCP 

DTPn 

LMDS 

ETC6H5 

13DMB 

CH2CL2 

MIBK 

XYLEN 

TCLEE 

MECbHS 

12DCE 

TRCLE 
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APPENDIX  CS^ 
Phase  II 


PHASE  II  ANALYTES  AND  CERTIFIED  METHODS 
SOIL  SAMPLES 

SynonyBoua  Nanes  Used 

Anaivs  la /Methods /Analytes  - io  Appendix  B -  AbbreviaL 

AGENT  PRODUCTS/HPLC  IDSi 

(Sane  as  Phase  I) 

AGENT  PRODUCTS/IQNCHROM  &ei2£ 

(Sane  as  Phase  I) 

ANIONS/IQNCHROM  ANKiWS 

(Sane  as  Phase  I) 

ARSENIC/AA  Arsenic  AS 

DIBRQMQCHLQROPRQPANE/GC  Dibronochloropropane  DBCP 

HYDRAZINES/SPECT  HID 

(Sane  as  Phase  I) 

MERCURY/AA  Mercury  EG 

{IEXALSZICE 

(Sane  as  Phase  I) 

ORGANQCHLORINE  PESTICIDES/GCECD  QSl 

2,2-bl8(Para-chlorophenyl)-  Dichlorodipbenylethane  PPDDE 

1 . 1- dichloroe thane 

2,2-bl8(Para-chlorophenyl)-  Dichlorodipbenyltrichloro-  PPDDT 

1.1- 1-trichloroe thane  ethane 

Aldrin  Aldrin  ALDRN 

Chlordane  Chlordane  CLDAN 

Dieldrin  Dieldrin  DLDRN 

Endrin  Endrin  ENDRN 

Hexachlorocyclopentadiene  Bexachlorocyclopentadiene  CL6CP 

Isodrin  Isodrin  ISODR 

ORGANQNITROGEN  COMPODNDS/GCNPD  fitiC 

(Sane  as  Phase  I) 

ORGANOPHOSPHOROUS  CQMPQUNDS/GCrPD  (2££ 

(Same  as  Phase  I) 
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APPENDIX  CS-A  (Continued) 
Phase  II 


Synon3nDOus  Names  Used 

Analysii/HgthQda/AMlytBd  _ la  Apptadix  8 _  AbbreviationB 


ORGANOPBOSPHORUS  PESTICIDES/ 


GCNPD _ 

OPP 

Atrasine 

Atrazlne 

ATZ 

Halai-hion 

Malathlon 

HLTHN 

Parathion 

Parathion 

PRTHN 

Supona 

2-Chloro-l  (2,4-dichlorophenyl) 

SUPONA 

vinyldiethyl  phosphates 

Vapona 

Vapona 

DDVP 

ORGANOSULPHUR  COMPOUNDS /GCFPD 

OSC 

1 ,4-Oitathiane 

1,4-Oxathiane 

OXAT 

Chlorophenylmethyl  sulfide 

p-Chlorophenylmethyl  sulfide 

CPMS 

Chlorophenylmethyl  sulfone 

p-Chlorophenylmethyl  sulfone 

CPMS02 

Chlorophenylmethyl  sulfoxide 

p-Chlorophenylmethyl  sulfoxide 

CPMSO 

Disiethyldlsulf  ide 

Dlmethyldisulf ide 

OMDS 

Dlthiane 

Dlthiane 

DITH 

SEHIVOLATILE  ORGANIC  COMPOUNDS/ 

GCMS 

SVO 

(Sane  as  Phase  I) 

VOLATILE  AROMATIC  ORGANIC 

COMFOUWDS/gCeiC _ 

yAQ 

Bensene 

Benzene 

C6H6 

Ethylbenzene 

Ethylbenzene 

ETC6H5 

m-Xylene 

m-Xylene 

13DMB 

o-  and  p-Xylene 

Ortho-  (■  Para-xylene 

XYLEN 

Toluene 

Toluene 

HEC6H5 

VOLATILE  HALOGENATED  ORGANIC 

CQMPOUNDS/GCCON _ 

SHQ 

1 • 1-Dichloroe thane 

1 , 1-Dichloroethane 

IIDCLE 

1 ,2-Dichloroethane 

1 , 2-Dichloroethane 

12DCLE 

1 , 1-Dichloroethene 

1 , 1-Dichloroethene 

IIDCE 

1 y 1 t 1-Trlchloroe thane 

1,1, 1-Trlchloroe  thane 

lllTCE 

1,1, 2-Trichloroethane 

1 , 1 ,2-Trichloroethane 

112TCE 

Carbon  tetrachloride 

Carbon  tetrachloride 

CCL4 

(Kilorobenzene 

Chlorobenzene 

CLC6H5 

(nilorofons 

Chloroform 

CHCL3 

Methylene  chloride 

Methylene  chloride 

CH2CL2 

Tetrachloroethylene 

Tetrachloroethene 

TCLEE 

Trans-1 , 2’-dichloroethylene 

Trans-1 , 2-dichloroethene 

T12DCE 

Trichloroe  thylene 

Trichloroethene 

TRCLE 
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APPENDIX  CS-A  (Continued) 
Phase  II 


SynonyBOus  Nases  Used 

Anaivsls/Methods/AnalTtea  - in  Appcndia.l. 

VOLATILE  HmoCARBW  COHPOUNDS/ 

GCFIC _ _ _ 

Bicycloheptadiene  Bicycloheptadiene 

Dlcyc^ op^ntadlene  Dicyclopentadiene 

Methyl isobutyl  ketone  Methylisobutyl  ketone 

POTATILE  ORGANIC  COMPOUNDS /GC!1S 
(Same  as  Phase  I) 
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Chemical  Data 
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APPENDIX  CS-B 
Cb««ical  Data 


The  analytical  reaulta  of  the  laboratory  analysis  of  soil  samples  collected  as 
part  of  the  prograsi  comprise  the  first  part  of  Appendix  CS-B.  Data  are  listed 
sequentially  by  boring  number  and  successive  depths  below  the  surface.  Within 
each  depth,  all  analytes  for  which  the  samples  were  tested  are  listed 
alphabetically.  Results  are  given  as  less  than  (LT)  the  detection  limit  for 
the  test  laboratory,  or  as  detected  concentrations  above  this  limit.  Based  on 
th«  accuracy  of  laboratory  test  methods,  values  for  volatile  and  semivolatile 
compounds  are  considered  acctirate  to  one  significant  figure,  values  for 
dibrofflochloropropane  when  tested  separately  and  for  metals  are  considered 
acctirate  to  two  significant  figures. 

The  second  part  of  Appendix  CS-B  contains  data  from  the  blanks  associated  with 
the  analytical  work.  Blanks  for  the  soil  samples  were  based  on  a  homogenized 
subsample  of  composited  samples  from  a  known  uncontaminated  soil  that  is 
stratigrapblcally  similar  to  the  RHA  soils.  Blaiiks  for  the  water  samples  were 
based  on  distilled  water.  Control  samples,  or  blanks,  are  introduced  into  the 
train  of  environmental  samples  to  function  as  monitors  on  the  performance  of 
the  analytical  siethod.  These  samples  function  as  quality  control  (QC) 
samples,  and  are  an  integral  part  of  the  quality  assurance  (QA)  program  for 
the  project.  The  method  blanks  listed  in  this  Appendix  were  utilized  to 
verify  that  the  laboratory  was  not  a  source  of  sample  contamination.  If 
contamination  were  detected  in  a  oiethod  blank,  corrective  actions  were  taken 
to  assure  that  reported  concentrations  of  target  analytes  reflected  sample 
analytes,  and  not  analytes  introduced  by  the  laboratory  process. 
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Note:  Result*  tor  some  parameters  may  appear  in  more  than  one  analytical  fraction. 
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Note:  Results  for  some  parameters  may  appear  tn  more  than  one  analytical  fraction 
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Nottf:  Results  for  som^  parameters  may  appear  in  more  than  one  analytirol  frartion. 
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Note:  Results  for  some  parameters  mt^y  appear  In  more  than  ripe  analytical  fraction.  lOl 
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Appendix  CS-C 

Calculations  for  the  Structural 
Stability  of  the  Pipe  in 
Trenches  CS01,  CS02,  and  CS03 


o 


Bedding  Class  0  (the  worst  per  ASTM  C12-82) 

Therefore,  Load  Factor  (LF)  =  1-1 
o  Backfill  above  pipe  =  4  ft 

o  Trench/Backf 111  material  =  clay  =  120  Ibs/cu  ft 

o  Three-edge  bearing  strength  (3-EBS)  for  6"  Dla  standard  strength 
vitrified  clay  pipe  per  ASTM  C700-78a  =  1200  lbs/  lin  ft 

Calculations 

o  Trench  Earth  Load  (TEL)  s  dead  load  =  600  Ib/lln  ft 

o  Field  Supporting  Strength  (FSS): 

FSS  «  LF  X  3-EBS 

*=  1.1  X  1,200  =  1,320  Ibs/lin  ft. 

o  Safety  Factor  (SF); 

SF  =  ESS  =  1.320  = 

TEL  600 


o  Acceptable  Safety  Factor  per  ASIM  C12-82:  greater  than  1.0,  but  less 
than  1.5 

o  Safety  Factor  is  adequate. 
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Irench  CS02 


Given  Conditions 

o  Bedding  Class  D  (the  worst  per  ASTM  C12-82) 

Therefore,  Load  Factor  ■  1-1 
o  Backfill  above  pipe  «  6.5  ft 

o  Trench/backfill  material  clay  «  120  Ibs/cu  ft 

o  Three-edge  bearings  strength  (3-EBS)  for  10"  dia  standard  strength 
vitrified  clay  pipe  per  ASTM  C700-78a  «  1,600  Ibs/lin  ft 


o  Trench  Earth  Load  (TEL)  *  dead  load  *  1,250  Ib/lin  ft 
o  Field  Supporting  Strength  (FSS); 

FSS  =  LF  X  3=EBS 

-  1.1  X  1,600  =  1,760  Ibs/lin  ft. 

o  Safety  Factor  (SF): 

SF  =  £SS  =  1.760  =1.4 
TEL  1,260 


Conclusions 


o  Acceptable  Safety  Factor  per  ASTM  C12-82  =  greater  than  1.0,  but  less 
than  1.5 

o  Safety  Factor  is  acceptable. 


Site  CS-SP 
0097U/0185A 
Rev.  9/14/88 


184 


Trench  CS03 


Given  Conditione 

o  Bedding  Class  D  (the  worst  per  ASTH  C12-82) 

Therefore.  Load  Factor  •  1-1 
o  Backfill  above  pipe  >  10  ft 

o  Trench/backfill  material  >  clajr  s  120  Ibs/cu  ft 

o  Three-edge  bearings  strength  (3-EBS)  for  8"  dia  standard  strength 
vitrified  clay  pipe  per  ASIM  C700-78a  «  l.AOC  Ibs/lin  ft 

CalcttlaSiflmi 

o  Trench  Earth  Load  (TEL)  »  dead  load  «  1,450  Ib/lin  ft 
0  Field  Supporting  Strength  (FSS): 

FSS  B  LF  X  3-EBS 

-  1.1  X  1,400  -  1,540  Ibs/lin  ft 

o  Safety  Factor  (SF): 

SF  »  ISS  »  1,5^0  «  1.06 
TEL  1,450 


Conclusions 


o  Acceptable  Safety  Factor  per  ASTM  C12-82  »  greater  than  1.0,  but  less 
than  1.5 

o  Safety  Factor  is  acceptable. 
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C.P.  ASSOCIATES 


84^29^88  14137 


P.82 


Shell  Oil  Company 


April  22,  1988 


C/o  Holms  Robsrit  &  Owen 
Suite  1800 
1  TOO  Broadway 
Denver.  CO  80200 


Office  of  the  Program  Manager 
for  Rocky  Mountain  Arsenal 
ATTN;  AMXRM-PM;  Mr.  Donald  L.  Campbell 
Building  E-4460 

Aberdeen  Proving  Ground,  Maryland  21010-5401 
Dear  Mr.  Campbell: 

Enclosed  herewith  are  Shell  Oil^s  comments  on  two  Draft  Final 
Contamination  Assessment  Reports;  Process  Water  System,  Task 
No.  10,  February  1988,  and  Chemical  Sewer  -  North  Plants  and 
Chemical  Sewer  -  South  Plants,  Task  No.  10,  March  1988. 


Sincerely, 

(•■  k'  — 

C.  K.  Hahn 
Manager 

Denver  Site  Project 

RDL:ajg 

Enclosure 

cc;  (w/enclosure)  ^  »  ..i 

Oft  '.ce  of  the  Program  Manager  for  Rocky  Mountain  Arsenal 

ATTN;  AMXRM-RP:  Mr.  Kevin  T.  Blose,  Acting  Chief 
Aberdeen  Proving  Ground,  Maryland  21010-5401 

Office  of  the  Program  Manager  for  Rocky  Mountain  Arsenal 
ATTN;  AMXRM-T) ;  Mr.  Brian  L.  Anderson 
Commerce  City,  Colorado  80022-2180 


SHILL 


RESPONSES  TO  COmENTS  OF 
SHELL  OIL  COMPANY  ON 

DRAFT  FINAL  CONTAMINATION  ASSESSMENT  REPORT 
CHEMICAL  SEWERS  -  NORTH  PLANTS  AND  SOUTH  PLANTS 


Reference  should  be  made  to  the  History  section  in  the 
Contamination  Assessment  Report  on  the  North  Plants  Complex, 

Task  42,  which  contains  a  more  detailed  description  of  major 
operations  conducted  in  the  North  Plants  Complex. 

The  operating  period  for  the  manufacture  of  GB  should  be  noted. 

Response:  A  reference  to  the  history  section  of  the  North  Plants 

Contamination  Assessment  Report  has  been  added  to  the  text.  The 
operating  period  for  the  manufacture  of  GB  has  also  been  noted. 

Comment  2:  Page  11.  last  sentence  (which  carries  over  to  page  12). 

A  similar  study  was  also  performed  by  Parsons  in  1954. 

Response:  The  Parsons  document  has  been  reviewed  and  the  pertinent 

information  has  been  added  to  the  text. 

Conment  3:  Page  12.  first  full  paragraph. 

In  the  fourth  sentence,  the  phase  "...  two  orders  of  magnitude 
less  than  what  was  being  generated  in  the  South  Plants 
manufacturing  area.  .  ."is  irrelevant  to  this  investigation  of 
the  North  Plant's  chemical  sewer  and  should  be  deleted. 

In  the  fifth  sentence,  a  description  of  the  chemical  composition 
of  neutralized  off-standard  batches  of  agents  routed  to  the  1727 
sump  should  be  added. 

Response:  The  compariscn  o  the  amount  of  waste  generated  in  South  Plants 

has  been  eliminated.  In  addition,  results  from  this  study 
regarding  waste  flows  in  the  South  Plants  area  have  been  added 
to  the  history  section  in  the  South  Plants  portion  of  this 
report. 

The  USAEHA  report  (1965)  does  not  include  a  description  of  the 
chemical  composition  of  neutralized  agents  routed  to  the  1727 
sump. 
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Conraent  4: 


rage- 35 »  last  paragraph. 


Response: 


Comnent  5: 


At  best,  results  of  this  Investigation  can  only  be  extrapolated 
over  the  VCF  portion  of  the  North  Plants  chemical  sewer.  Since 
there  is  no  investigation  of  any  kind  of  the  cast  iron  and  steel 
sections  or  within  the  North  Plants  proper,  the  assumption  that 
the  VCP  sections  represent  a  worse-case  estimate  of  leakage  is 
unwarranted. 

Investigation  of  the  cast  iron  collection  system  (upsteam  of 
sump  1727)  and  the  pressurised  line  from  the  sump  to  Manhole  5-4 
would  have  been  impractical.  The  sewers  study  was  based  on 
investigations  of  "worst-case"  pipe  conditions.  That  is,  those 
sections  of  the  pipe,  based  on  type  of  construction  and  historic 
information,  that  were  suspected  to  contain  breaks  or  leaks. 

The  collection  system  in  the  North  Plants  proper  has  no 
manholes,  and  therefore  hasn't  been  subject  to  video  and  visual 
inspections  as  other  parts  of  the  chemical  sewer  have.  With  no 
knowledge  of  leaks  or  breaks,  any  attempt  to  locate  such  a  point 
on  the  collection  system  would  have  been  random  and  impractical 
for  this  study.  The  only  documented  leak  in  the  cast  iron 
collection  system  of  North  Plants  is  the  leakage  associated  with 
repair  of  the  system  on  the  east  side  of  Building  1501  in 
approximately  1979  (Mitchell,  1986).  Unfortunately,  the 
location  was  not  identified  even  imprecisely.  Additionally,  the 
extensive  underground  process  and  utility  pipelines  in  this  area 
limit  access  to  the  chemical  sewer  and  could  prevent 
identification  of  the  sewer  as  the  source  of  any  contamination 
found  in  this  area.  The  only  other  portion  of  the  chemical 
sewer  serving  North  Plants  that  is  suspected  to  have  leaked  is 
the  VCP  section.  Therefore,  this  was  the  section  investigated 
by  the  field  program. 

Limited  soil  sampling  was  conducted  near  the  chemical  sewer  in 
North  Plants  proper  as  part  of  the  Task  42  Phase  I  and  Phase  II 
Investigations.  IVo  alluvial  monitoring  wells  were  installed 
directly  adjacent  to  the  chemical  sewer  and  another  was 
installed  downgradient  to  track  potential  contamination  in  the 
groundwater  (Ebasco,  1988b). 

The  pressure  line  between  the  sump  1727  and  Manhole  5-4  was 
assumed  not  to  have  leaked.  Leaks  and  breaks  in  pressurized 
lines  become  obvious  and  are  easily  identified.  No  records  of 
broken  or  leaking  pipes  have  been  found  for  this  portion  of  the 
line. 

Fage  3.6 1  3.i3  FolIov-on-SuiYgy. 

Since  there  has  been  no  investigation  of  the  chemical  sewer  in 
the  North  Plants  proper,  how  could  it  be  determined  in  the 
Feasibility  Study  that  no  additional  information  is  required? 
Inspection  of  the  chemical  sewer  system  within  North  Plants, 
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Response: 


Comnent  6: 


Response : 


along  with  soae  soil  saaipling,  should  be  scheduled  prior  to  the 
design  phase.  The  proposed  follow-on  work,  which  only  involves 
further  sampling  of  the  HKE  trenches,  does  not  address  the 
knowledge  gap  associated  with  the  chemical  setter  system  in  North 
Plants  proper. 

The  volume  of  potentially  contaminated  soil  for  the  North  Plants 
chemical  sewer  was  based  on  conservative  estimates  for 
contamination  that  could  be  associated  with  the  entire  chemical 
sewer,  including  the  segments  in  North  Plants  proper.  The 
estimates  are  basea  on  the  "worst-case"  extent  of  contamination 
found  for  the  Sottth  Plants  chemical  sewer,  a  system  that  is 
older,  more  deteriorated,  and  used  more  frequently  than  the 
North  Plants  system. 

The  Feasibility  Study  will  use  the  estimated  volume  of 
potentially  contaminated  soil  to  screen  potential  alternatives 
and  reduce  the  number  of  alternatives  requiring  detailed 
analysis.  Following  the  screening  process,  if  information  on 
the  extent  and  type  of  soil  contamination  associated  with  the 
North  Plants  chemical  sewer  is  insufficient  to  perform  detailed 
analyses  of  the  remaining  alternatives,  an  additional 
contamination  assessment  will  be  conducted.  This  assessment 
will  be  focused  to  collect  only  those  data  needed  to  fully 
evaluate  the  remediation  options  of  choice.  The  proposed 
follow-on  work  presents  a  program  to  collect  some  of  this 
additional  information.  Refinements  and  additions  to  this 
program  can  be  made  after  the  requirements  for  the  Feasibility 
Study  are  determined.  Therefore,  data  to  fill  the  "knowledge 
gap"  will  be  collected  if  needed  to  support  the  cleanup 
activities  for  Rocky  Mountain  Arsenal. 

Pflgg  3g»  .Ji.Aj 

Shell  maintains  that  it  is  inappropriate  to  calculate  the 
estimated  volumes  of  potentially  contaminated  soil  prior  to  the 
determination  of  preliminary  action  levels.  In  this  particular 
example  there  is  insufficient  data  to  even  attempt  such  a 
calculation. 

The  preliminary  estimated  volume  of  potentially  contaminated 
soil  is  intended  to  provide  a  worst-case  scenario  only.  An 
exact  determination  of  the  extent  of  contamination  can  only  be 
obtained  during  remediation  activities.  Thus,  this  estimate  of 
potentially  contaminated  soil  should  provide  conservative 
estimates  that  are  greater  than  actual  values.  These  estimates 
provide  a  preliminary  volume  estimate  for  evaluating  potential 
remedial  alternatives  during  the  Feasibility  Study.  The  need  to 
refine  these  estimates  will  be  determined  during  the  Feasibility 
Study. 
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Chemical  Sewer  -  South  Plants 


Comment  1: 


Response : 


Comment  2: 


Response: 


Comment  3: 


Response: 


Cooment  kz 


Response : 


Comment  5: 


Paye  1.  second  paragraph. 

In  the  fifth  sentence*  hydrasine  wastes  continued  to  flow 
through  the  gravity  system  to  Basin  F  until  1982. 

The  text  has  been  changed  to  reflect  this  exception  to  the 
statement  that  the  Army  stopped  using  the  gravity  chemical  sewer 
system  in  the  late  19706. 

Page  3.  third  full  sentence. 

It  should  be  noted  that  connections  listed  in  Table  CS-SP-1  do 
not  represent  any  chronology  of  events.  Different  buildings 
were  connected  and  unconnected  at  different  times. 

The  buildings  listed  in  Table  CS-SP-1  are  ordered  by  building 
number,  not  by  the  chronological  order  of  connection  or 
disconnection.  A  sentence  has  been  added  to  the  text  to  clarify 
any  misunderstandings  concerning  information  presented  in  this 
table. 

Table  CS-SP-1.  page  6. 

Activities  listed  under  Buildings  51A  and  514A  may  be  reversed. 
Also,  organo  phosphate  manufacturing  should  be  listed  under 
Building  514. 

The  building  descriptions  for  Buildings  514  and  514A  have  been 
exchanged  in  Table  CS-SP-1.  In  addition,  the  description  for 
Building  514  had  been  expanded  to  include  the  manufacture  of 
chlordane  and  "Strauss  Hex"  (1947  to  1952),  and  pesticide 
production  by  Shell  Chemical  Company  (1951  to  1981).  The 
organophosphorous  pesticides  parathion  and  vapona  are  included 
in  the  list  of  pesticides  manufactured  in  Building  514. 

Page  9.  last  sentence  (which  ends  on  page  10). 

The  Process  Water  Distribution  System  draft  Phase  I 
Contamination  Assessment  Report  states  that  the  natural  bedrock 
high  in  this  area  may  also  contribute  to  the  groundwater  mound. 

The  text  has  been  changed  to  include  the  natural  bedrock  high  as 
possibly  contributing  to  the  groundwater  mound  in  the  South 
Plants. 

Page  12.  last  paragraph. 

"Because  these  compounds  are  representative  of  the  class  of 
chemicals  typically  fotmd  in  the  groundwater  beneath  the  South 
Plants  Manufacturing  Complex,  their  presence  in  the  groundwater 
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Response : 

Conroent  6: 

Response: 

Conment  7 : 

Response: 

Comment  8: 

Response : 

Comment  9: 


beneath  South  Plants  does  not  indicate  that  the  sewer  line  is 
contributing  to  groundwater  contamination." 

This  paragraph  should  be  either  deleted  or  bv  itself  should  be 
inserted  between  afii  and  indicate. 

The  words  "by  itself"  have  been  added  to  the  text  between  the 
words  "not"  and  "indicate." 

Page  13.  second  paragraph. 

Julius  Byman  leased  facilities  at  the  RMA  in  the  spring  of  19^7 
as  did  CF&I.  In  1949,  Julius  Byman  assumed  a  portion  of  the 
CF&l  lease. 

The  text  has  been  changed  and  now  states  that  Julius  Byman  and 
Company  leased  facilities  at  the  RMA  in  the  spring  of  1947  as 
did  Colorado  Fuel  and  Iron.  In  1949  Julius  Byman  and  Company 
assumed  a  portion  of  the  Colorado  Fuel  and  Iron  lease 
(RSNOOl  F  0875). 

Page  14.  1942.  second  i>aragraph. 

Originally,  only  wastes  from  the  acetylene  plant  were  ptmiped  to 
the  lime  settling  basins.  Wastes  from  mustard  production  flowed 
directly  to  Basin  A,  and  wastes  from  lewisite  manufacture  flowed 
first  to  M~1  pits  and  then  to  Basin  A  (RMA,  Undated). 

The  text  has  been  changed  to  clarify  the  destination  of  the 
noted  waste  streams. 

Page  14.  1942.  third  paragraph. 

Building  331  was  also  used  for  N70  burster  well  renovation  which 
included  electrolyte  processes  involving  chromium  containing 
solutions.  Waste  from  that  operation  was  carried  to  3and  Creek 
Lateral. 

According  to  the  building  survey  conducted  by  Ebasco  under  Task 
24,  the  M-70  burster  tube  renovation  in  Building  331  didn't 
occur  until  the  last  quarter  of  1952  (Ebasco,  1986b).  The 
paragraph  referred  to  in  the  comment  describes  the  chemical 
sewer  in  1942,  and  therefore  will  not  be  changed. 

Fflge  15,  1353 . 

In  1953  acid  wastes  from  dichloro  production  caused  the 
decomposition  of  the  cement  joints  (RIAOOl  0594).  The  dichlor 
wastes  were  temporarily  run  by  an  open  ditch  (RLA002  0498  and 
RMAObO  1933)  to  Sand  Creek  Lateral.  Ultimately,  the  chemical 
sewer  line  was  replaced  (RLA002  1514). 
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Response: 


The  referenced  doctanents  have  been  reviewed  and  information  has 
been  added  to  both  the  1951  and  the  1953  descriptions  of 
activities. 


Comnent  10: 

Response : 

Comment  11: 

Response : 

Comnent  12: 

Response: 

Comment  13: 

Response : 

Comment  14: 

Response: 

Comment  15: 
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fase  18.  1976. 

In  1976  a  new  VCP  sewer  line  from  the  laundry  and  lab  was 
constructed  across  "D"  Street  and  connected  to  the  original 
caustic  line  that  discharged  to  Basin  F. 

The  text  has  been  changed  to  include  the  addition  of  this  line. 
Field  observations  by  Ebasco  personnnel  show  that  the  pipe  is 
concrete,  not  VCF. 

Page  19. ..1980. 

The  new  overhead  system  was  completed  in  early  1982. 

The  MKE  Interim  Report:  Phase  I  of  Rocky  Mountain  Arsenal  Sewer 
Investigations  was  consulted  to  verify  this  date,  but  the 
information  was  not  found.  The  text  will  not  be  changed  unless 
a  reference  is  located. 

Page  21.  first  sentence. 

Numerous  investigations  of  the  chemical  sewer  system  also 
.  occurred  in  the  late  1970* s. 

The  Rocky  Mountain  Arsenal  Information  Center  catalog  was 
reviewed  to  identify  relevant  studies.  Without  specific  report 
titles  or  source  organizations,  additional  Information  will  not 
be  added  to  the  chemical  sewers  report. 

Page  21.  first  full  paragraph. 

Parsons  in  1954  also  investigated  the  source,  volume  and 
composition  of  the  industrial  wastes  generated  at  the  RMA 

Information  from  a  1955  Parsons  report  has  been  added  to  the 
text.  No  other  reports  by  Parsons  were  found. 

Page  100.  Figure  CS-SP-61. 

This  is  a  VCF,  not  concrete  pipe. 

Field  observations  by  Ebasco  personnel  have  determined  that  this 
section  of  pipe  is  concrete. 

Page -158 «  Manhole  6-1 » 

Tetrachloroethane  was  the  solvent  used  for  removing  impregnate 
from  1943-1964.  Tetrachloroethane  readily  hydrolyzes  to 
trichloroethanes.  The  presence  of  these  substances  may  be 
attributable  to  the  laundry. 

192 


Response: 


Comment 


Response 


As  stated  in  Section  2,  History,  in  1957  Buildings  314  (the 
laundry)  and  313  (the  lab)  were  connected  to  the  chemical  sewer 
by  a  lateral  going  east  to  Manhole  W21.  It  wasn't  until  1976 
that  the  Acny  ran  i  lateral  from  these  two  buildings  west  to 
Manhole  6  in  the  old  chlorine  plant  area  (MKE,  1986).  This 
included  construction  of  Manholes  6-1,  6-2,  6-3,  and  6-4. 

Wastes  from  the  laundry  didn't  flow  through  Manhole  6-1  until  12 
years  after  the  Army  had  stoped  removing  the  impregnate  from 
protective  clothing  with  the  solvents  found  beneath  Manhole  6-1. 

The  paragraph  under  consideration  will  not  be  changed.  An  entry 
has  been  added  to  the  history  section  to  include  the  changes 
made  in  1976,  as  requested  in  Comment  10. 

16:  Plate  CS-SP-1 

The  manholes  immediately  south  and  slightly  west  of  the 
western-most  Section  36  lime  basin  are  not  correctly  shown. 

Only  one  manhole  exists  here,  and  it  is  believed  to  be  on  the 
original  30"  line  to  Basin  A.  The  30"  line  is  shown  on  the  map 
as  removed,  which  is  incorrect.  This  line  is  the  only  sewer 
north  of  December  7th  Avenue  that  is  still  in  place.  MKE  has 
observed  that  it  is  flooded  due  to  its  being  plugged  at  its 
discharge  point  by  the  second  lime  basin. 

;  Field  investigations  by  Ebasco  have  verified  the  configuration 
.  of  the  chemical  sewers  in  this  area  (Gabel,  1987).  Plate 
CS-SP-1  has  not  been  changed. 
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UMTED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 

REGION  VI 

999  18th  STREET  -  SUTE  500 
DENVER.  COLORADO  80202-2405 


Rttf ;  eHWM-SR 


MAY  16 


Colonel  H.  N.  Quintrell 
Program  Manager 

AMXRM-EE  Department  of  the  Army 

U.S.  Army  Toxic  and  Hazardous  Materials  Agency 

Building  4460 

Aberdeen  Proving  Ground,  Maryland  2^010-5401 

Re:  Rocky  Mountain  Arsenal,  (RMA), 
Task  10,  Chemical  Sewers,  North 
Plants  and  South  Plants,  Draft 
Final  Phase  I  Contamination 
Assessment  Report,  February,  1968. 


Dear  Colonel  Quintrell: 

We  have  reviewed  the  above  referenced  report  and  have  the 
enclosed  comments  from  our  contractor.  Our  contact  on  this 
matter  is  Mr.  Connally  Mears  at  (303)  293-1528. 


Sincerely  yours. 


Connally  Mears 
EPA  Coordinator 

for  Rocky  Mountain  Arsenal  Cleanup 


Enclosure 

cc:  Thomas  P.  Looby,  CDH 
David  Shelton,  CDH 
Lt.  Col.  Scott  P.  Isaacson 
Chris  Hahn,  Shell  Oil  Company 
R.  D.  Lundahl,  Shell  Oil  Company 
Thomas  Bick,  Department  of  Justice 
David  Anderson,  Department  of  Justice 
Preston  Chiaro,  EBASCO 


Coanent  1: 


Reaponie: 


RESPONSES  TO  COTtlENTS  OF 
U.S.  ENVIRONMENTAL  PROTECTION  AGENCY  (m 
DRAFT  FINAL  CONTAMINATION  ASSESSMENT  REPORT 
CHEMICAL  SEWERS  -  NORTH  PLANTS  AND  SOUTH  PLANTS 


Page  9.  first  aentence  and  page  34.  last  paragraph. 

It  is  stated  that  pesticide  related  compounds  probably  are  not 
related  to  North  Plants  operations.  However,  in  Trench  NKE  22, 
aldrin  was  detected  at  a  concentration  of  0.64  ug/g  directly 
underneath  the  pipe.  This  indicates  that  pesticides  may  have 
exfiltrated  from  the  chemical  sewer.  We  recomnend  that  the 
source  of  these  pesticides  be  Investigated  during  the  RMA 
Feasibility  Study  (page  36,  first  paragraph);  for  example,  the 
potential  for  contamination  of  soil  from  a  process  water  source 
should  be  Investigated.  We  also  recommend  that  the  maximum 
depth  of  contamination  underneath  the  pipe  be  determined  at  this 
same  time. 

Aldrin  was  detected  in  one  sample  collected  by  MKE  but  was  not 
confirmed  in  samples  collected  by  Ebasco  at  the  same  location. 

A  follow<-on  investigation  has  been  recommended  if  the 
Feasibility  Study  determines  that  additional  information  on  the 
presence  of  potential  contamination  is  needed.  The  reconmended 
follow-on  work  includes  additional  sampling  1  ft  and  5  ft  from 
the  pipe  and  extending  to  the  water  table.  Samples  collected  as 
part  of  the  follow-on  work  will  be  analyzed  for  most  of  the 
Phase  I  analytes,  including  semivolatile  organics,  the  method 
that  detects  aldrin.  If  the  recommended  follow-on  work  is 
undertaken,  the  extent  of  potential  contamination  beneath  the 
pipe  will  be  redefined  and  the  presence  of  analytes  detected  in 
the  initial  sampling  program  will  be  verified. 
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RESPONSES  TO  CONNENTS  C7 
THE  COLORADO  DEPARTMENT  OF  HEALTH  ON 
DRAFT  FINAL  CONTAMINATION  ASSESSMENT  REPORT 
CHEMICAL  SEWERS  -  NORTH  PLANTS  AND  SOUTH  PLANTS 


No  cooments  have  been  received. 


Site  CS-SP 
0097U/0185A 
Rev.  9/II1/88 


195 


Legend 


BuHding,  Existing 
Rood,  Paved 
Road ,  Unpaved 

Section  Number 

Railroad 

Sewer  Main,  with  Size 
Manhole,  with  Number 
Pumping  Station 


Plugged  Line 


Stream  or  Ditch  and  Direction 
of  Water  Flow 


Predominant  Direction  of 
Surface  Water  Flow 


Pumping  Station 


Plugged  Line 


Stream  or  Ditch  and  Direction 
of  \Atater  Flow 


Predominant  Direction  of 
Surface  Water  Flow 


Ground  Elevation  Above  Mean 
Sea  Level 


Direction  of  Flow  within 
Sewer  Line 


■*-  Fence 


Contour  Interval  is  5  Feet 


Note  : 


All  piping  is  cost  iron  unless 
otherwise  noted. 


Prepared  for  • 


Program  Manager's  Office  for 
Rocky  Mountain  Arsenal  Cleanup 
Aberdeen  Proving  Ground,  Morylond 


Drafted  12/8/87 

PLATE  CS-NP-2 

Topography  and  Surface  Drainage 

Rocky  Mountoin  Arsenol,  Tosk  10 
Prepored  by  <  Ebosco  Services  Incorporated 


j 


Legend 

Building,  Existing 

Road ,  Paved 

zrzrz  Road,  Unpaved 

24  Section  Number 

— •— +-  Railroad 

- \  Ditches 

— - —  Sewer  Main,  with  Size 
£ -  Plugged  Line 


5-4 


Arrow  Indicates  Direction  of 
Flow 


Vi) 

Manhole,  with  Number 


Manhole  Inspected  During  Survey 


Sewer  Main,  wi 


III 


Size 


t -  Plugged  Line 


♦ 


5-4 


■n - *■ 


» 


Arrow  Indicates  Direction  of 
Flow 

Manhole,  with  Number 
Manhole  Inspected  During  Survey 
Pumping  Station 


Fence 

Trench 


Loading  Dock 


Note  :  All  piping  is  cast  iron  unless 
otherwise  noted. 


ROCKY  MOUNTAIN  ARSENAL 
LOCATION 


FEET 


After  =  COE,  1957 


Prepared  for  •* 

Progrom  Monoger's  Office  for 
Rocky  Mountoin  Arsenal  Cleanup 
Aberdeen  Proving  Ground,  Morylond 


Orofted^  12/9/87 

PLATE  CS-NP-I 

Vicinity  Map  Showing  Sampling 
Locations 


Rocky  Mountain  Arsenal,  Tosk  10 
Prepared  by  >  Ebosco  Services  Incorporated 


•Z40S2 

24047*  2404} 


024090 


24124 


24090 


24129 


Legend 

Building,  Existing 

Road,  Paved 

Road ,  Unpaved 

24 

Section  Number 

H - 1 - (- 

Railrood 

6" 

Sewer  Moin,  with  Size 

• 

Manhole,  with  Number 

■ 

Pumping  Station 

^asoj- 

Monitoring  Well 

General  Direction  of  Groundwater 

Flow 

J 

Water  Table  Elevation 

• 

2M)3i 


Monitoring  Well 


General  Direction  of  Groundwater 
Flow 


C 


Water  Table  Elevation 


Direction  of  Flow  within 
Sewer  Line 


C -  Plugged  Line 

— « —  Fence 


Note  ••  All  piping  is  cost  iron  unless 
otherwise  noted. 


FEET 


Aft«r  :  ESE,  1986b  Water  Toble  Elevation,  Alluvial  Aquifer  Mop, 
March  1966 

Prepared  for  • 

Program  MorKigers  Office  for 
Rocky  Mountain  Arsenol  Oeonup 
Aberdeen  Proving  Ground,  Maryland 

Drofted  12/15/87 

PLATE  CS-NP-3 

Water  Table  Elevations  and 
Generalized  Groundwater  Flow 

Rocky  Mountain  Arsenal,  Task  iO 
Prepared  by  *  Ebosco  Services  Incorporated 

lx 


LECEK 


1 


r 


u 

r  • 

1  1 

BuMing,  Existing 

i  « 

1  1 

Building,  Removad 

Rood,  Povad 

M 

II 

It 

II 

Rood,  Unpovad 

36 

t  ♦  > 

Section  Number 

Railroad 

— 

Sewer  Main 

---- 

Sewer  Main,  Removed 

Sewer  Moin,  Overhead 

• 

Manhole 

■ 

Pumping  Stotion 

- — 

Arrow  Indicoting  Flow 

Direction 

Streom  or  Ditch  and  Direction 

\ 

of  Water  Flow 

Predominont  Direction  of 
Surface  Water  Flow 

% 

5^50 

Ground  Elevotior)  Above  Meon 

Sea  Level 

♦ 

ESE  Surface  Water  Sompling 
Point 

♦ 

Spaine  a  Gregs  Surfoce 
Woter  Sampling  Point 

Contour  Interval  is  5  Feet 


UPPER  DERBY 


LAKE 


Prepared  for  = 

Program  Monoger's  Office  for 
Rocky  Moontoin  Arsenal  Cleanup 
Aberdeen  Proving  Ground,  Maryland 

By:  Ebasco  Services  Incorporated 


PLATE  CS-SP-2 

Topography  and  Surface 
Droinoge 

Rocky  Mountain  Arsenal,  Task  10 
Oraftsd!  T/i/sr 


LEGEND 


V 


Building,  Existing 
Building,  Removed 


Rood,  Paved 


=  -==  Rood,  Unpaved 

36  Section  Number 
»-i  t  *  Roitrood 


Sewer  Main, with  Size 


““““  Sewer  Main,  Removed 


tMiiiii  Sewer  Main,  Overheod 


Manhole,  with  Number 
■  Pumping  Station 

— '  Arrow  Indicoting  Flow 

Direction 

■tf  Trench 

Note  :  Manhole  numbers  appear 
os  designated  by  the 
Shell  Chemical  Company, 

with  Army  numbers  given 
as  appropriate  in 
parentheses. 


5 


DECEMBER  7^^  AVENUE 


SlKi 


ROCKY  MOUNTAIN  ARSENAL 
LOCATION 


0  300 


Prepored  for; 

Progrom  Manager’s  Office  for 
Rocky  Mountain  Arsenal  Cleanup 
Aberdeen  Proving  Ground,  Maryland 

By;  Ebosco  Services  Incorporated 

PLATE  CS-SP-I 

Vicinity  Mop  Showing 
Sample  Locations 

Rocky  Mountain  Arsenal,  Task  10 
Drafted  =  6/25/87 


36046 


13 


01041  ^ 
01042  • 
01043 


UPPER  DERBY  LAKE 


Pre pored  for  = 

Program  Manager's  Office  for 
Rocky  Mountain  Arsenal  Cleanup 
Aberdeen  Proving  Ground,  Maryland 

By:  Ebosco  Services  Incorporated 


PLATE  CS-SP-3 

Water  Table  Elevotions  ond 
Generalized  GroundtNOfer  Flow 

Rocky  Mountain  Arsenal,  Task  10 

Drafted:  7/7/87 


